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CELLS 

Bacteria do not require complicated food for their diet. 
They are able to build up their living tissue from raw 
chemicals, in some cases without assistance e\en from 
sunlight. This feat of organising comparatively simple 
chemicals into living structures might well absorb all 
the potentialities of a bacterium and leave none free to 
develop m other directions. If some bactenum-l ik e 
orgamsm succeeded in shortening the all-absorbing 
process of organising living bodies out of simple chemi- 
cals, It might have more energy to spare for novel 
developments How could it shorten the process By 
getting other organisms to do a part of the constructive 
chemistry for it Let these turn raw chemicals into 
some of the complicated substances of which hvmg 
bodies are made and then eat them. The feat of digestion 
would be enormously easier if other orgamsms had 
already done half the work of building up the comph- 
cated substances of life 

This fork in the possible direction of evolution from 
organisms of bacteria-hke character appears early in the 
hierarchy of living orgamsms though not in the history 
of life. The Eaith was probably stocked for many ages 
with organisms that had not learnt the trick of parasiti- 
cally savmg digestive labour at the expense of other 
orgamsms These evolved into plants, which have 
developed the bacteria-hke abihty of assimilating simple 
chemical substances. 


201 
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But plants, which ha\e improved and not revolu- 
tionised the technique of building up living from dead 
matter, have only extended their size and variety and not 
introduced a new mode of living 

What must an organism do if it is to save constructive 
digestive labour by eating organisms already made of 
complicated substances 2 It must be capable of occupy- 
ing a place liable to bear the organisms on which it 
feeds It must in general be able to go to that place and 
catch the orgamsm, and for this it needs the abihty to 
move about. 

The organisms rather larger than bacteria and conse- 
quently revealed in some detail by the microscope are 
of two roughly distinct types, those that for feedmg 
purposes have no capacity of their own for movement 
and are merely earned around by the water or air in 
which they live, and those that have some power of 
self-movement even if only that of shaking hairs 
rhythmically. 

For practical purposes a division of t3q)es m this way 
IS very useful, if not completely comprehensive More 
accurately, the difference is decided by the method of 
building up the material of the plant > Tf the cell con - 
..tams chlorophyll and employs sun light for building-up, 
it is a plant : if not, it is a nimal. 

This difference in way of hfe has caused one end of 
the evolutionary fork to bear oak-trees and the other 
end man. In the long run its influence has been very 
great, but in spite of the great potentiahty of this 
difference, it is not the most important characteristic 
noticed in the investigation of the tiniest hvmg organisms 
w'hose structure is apparent in some detail 

Microscopic study of these small organisms shows 
they have certain common features whether they live 
the vegetative life of constructing tissue out of raw 
chemicals or the ammal life of digesting other orgamsms, 



CELLS 


203 


or their products They have definite boundaries in 
space. For instance, the speck of living jelly called the 
amoeba^ though its shape is always changing, has 
definite boundaries and a fairly narrow range of volume. 
The organism moves by exuding parts of itself and 
enclosing matter suitable for food In IV it has formed a 
cavity in order to encase a meal. Two structures are 
noticeable within the orgamsm. There is a dark spot 
and a clear round spot The first is named the nucleus 
and the second the vacuole. As time passes the vacuole 
expands and bursts, its contents being ejected through the 





outer boundary of the amoeba Then another little 
vacuole appears as a point within the fluid bulk, expands, 
bursts and is replaced again. The contents of the 
vacuole have been proved to be water and the operation 
to be physical in character. Water can permeate from 
the outside into the inside of the amoeba but cannot take 
the salts in the outer water with them If the inflowing 
water were not periodically ejected the amoeba would 
burst. The phenomenon is osmotic m character The 
dissolved particles of salt drum on the inner surface of 
the amoeba and cannot pass out into the surrounding 
water. The water permeates into the cell without 
obstruction and raises the internal pressure and volume 
of liquid, and has to be let out again to reheve the pressure. 
When the bulk of water injemed is embarrassing to the 
orgamsm, it is squirted out. ^he behavioui of surfaces 
is of fundamental importance in living organisms. The 
nature of the surface determines what passes through it. 
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Since surfaces are by no means always visible, inter- 
cbanges and reactions may be happening vigorously on 
them and yet show nothing to mark their scene. Pro- 
bably there are a large number of invisible surfaces 
mside the fluid part of the amoeba which allow some 
substances to pass through and others not Such an 
arrangement could give many parts of the fluid bulk 
■very different jobs to do and chemical reactions to 
supervise The permeations at coarse obvious surfaces 
such as the boundary of the organism are perhaps only 
a few in an innumerable number occurring in the 
translucent fluid 

The importance of the difference between jfluids on 
different sides of amoeba surfaces is learnt by studying 
the effects of changing the chemical constitution of the 
enviromng hquid. If drops of solutions useful to the 
orgamsm are iiitioduced into the hquid the amoeba mil 
exude its body towards the parts of strongest concentra- 
tion. If the solution is mimical it will shrink away 
Those activities can fairly well be deduced from the 
mere physical properties of the dissolved substances and 
do not seem necessarily to depend on any specifi.caUy 
vital property in the amoeba. 

Far more obviously remarkable than these small 
movements are the reproductive actions of amoebae 
In the course of time the amoeba’s dark spot is seen to 
elongate and grow dumb-bell shaped. Then the dumb- 
bell ends separate and the amoeba as a whole becomes 
dumb-bell shaped, mth the masses of the ends roughly 
centred round the two portions of the nucleus. The 
separation becomes more and more defined until only a 
thread joms the parts, and then this snaps and the two 
ends shrmk into their respective parts Two amoebae 
are seen now where there was only one before 

The extraordmary stabihty of this change in an 
incessantly changmg object is the great problem. 
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Stability in the midst of instability is the characteristic 
of life. The chemical reactions in e\ en the amoeba must 
be \ery complicated and carefully interrelated to be so 
rehably self-governing. A steam-plant can be made 
*self-governing so that the boiler-pressure controls the 
amount of water and the mixture of fuel and air fed 




into the plant The apparatus is not simple and is 
easily disorganised, while the amoeba’s self-government 
has persisted through its species for aeons of time. 

Small organisms with but one nucleus abound m 
thousands of forms There are many modes of life 
even for these simple orgamsms. The structure of 
Stylonychia is evidently complicated, and it also has 
smaller organisms parasitic upon it (fig 74) 

Orgamsms apparently consisting only of a boundary 
with a nucleus and some inconspicuous internal structure 
are never moie than about one quarter of an inch m 
diameter The system of boundary, body-fluid, nucleus 
and mvisible structures will not work if the organism 
is larger. We may suppose the hmit depends on the 
ratio between the surface and the volume of the orgamsm. 
As the diameter increases, the surface increases rapidly, 
but the volume even more rapidly. Hence m a large 
orgamsm a very great deal of body flmd would have to 
do its business with the outer world through a relatively 
small surface area The large organism would tend to 
be throttled or congested. 

If amoeba-hke orgamsms wish to develop beyond 
the quarter-of-an-mch stage they must use some new 
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method of development. They are apparently con- 
strained by the laws of proportion from developing by 
growing into large amoebae of football size, for example. 

The first stage of further development is co-operative. 
The small organisms can improve their prospects by 
forming aggregations and making feeding motions in 
common They may cause a current of water bearing 



Fig 74. Stylonychia. (From Mmchin Introduction to Study of 
Protozoa. Arnold ) 

food to flow towards them with a strength and rehabihty 
none of the organisers could guarantee for itself 
If they are attached together simply into a structure they 
are not individually at the mercy of general currents 
m the water and do not have to compete with many 
other types of orgamsms for convement feeding spots on 
neighbouring surfaces not exposed to scouring currents 
By attaching themselves together and orientating in the 
same direction the colony can swim with greater momen- 
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turn and hence straighter and m less time to any desirable 
place 

The strength of such a colony is derived simply from 
probabihty. If many orgamsms are making similar 
motions the colony as a whole will act at the a\'erage 
rate of all. As a whole it will never be at rest, for if 
some members of the colony happen to be doing less 
than their share others will be doing more The colonial 
behaviour will be steady and derive the associated 
advantage of never being caught napping 

The next comphcation in the life of simple orgamsms 
IS provided by speciahsation and division of labour 
Some members of the colony devote themselves to feeding 
and others to reproduction, each becoming more 
efficient at their particular jobs than they could be as 
jacks-of-all-activities. Once speciahsation has com- 
menced the possibihties are enormous. The orgamsms 
on the outside of the colony can devote themselves to 
locomotion and protection, and those inside to digestion 
The colony itself becomes an organism made up of many 
individuals having a primitive skin and viscera or 
digestive system 

Many small organisms show on microscopic examina- 
tion that they consist of a number of parts each con- 
taining what looks like the nucleus of an amoeba The 
small orgamsm Hydra found in fresh-water ponds 
IS seen essentially to be a hollow object with two layers 
of units each containing a nucleus. "As these umts are 
part of a larger body, they are often called ceils (Plate 
XXa). When food comes within the grasp of the 
tentacles it is propelled by them mto the cavity, and held 
and digested by the ceUs in the cavity surface. The 
orgamsation is so simple that the same cell may at one 
time be both holding as a muscle and digesting, holding 
and feeding at the same tin^ 

When larger orgamsms ^ studied the subdivision 
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into cells IS very much less evident There are enormous 
differences m shape between cells from different parts of 
the body, and it is not easy to realise at once that these 
extraordinarily different-looking cells nevertheless have, 
generally speaking, only one nucleus, in spite of their 
complication The knowledge that living bodies are 
made of multitudes of cells each similar in fundamentals 
with all other cells is not a hundred years old. 

The great differences betv/een the cells from different 
organs of the body of any high animal is due to extreme 
speciahsation. For instance, the nerve-threads m a 
nerve are generally threads growing out of cells in the 
spinal cord which contain one nucleus The thread may 
be several yards long. Such an extreme shape is not 
easily recognised as a umt. Other cells are engaged in 
exuding calcium carbonate and phosphate to make bone. 
The bones of ammals are the petrified exudations from 
certain of its cells. Gristle consists of cells embedded 
in layers of gelatinous matter they have exuded The 
mtestine is layered with flat cells wluch absorb nutriment 
from Its contents 

ffhe kidney is made of cells which filter the blood and 
remove impurities and poisons Cells in the hver 
conduct the most elaborate chemical operations in 
manufactunng complex substances from the products 
absorbed by cells in the stomach and intestine from food. 
The thyroid and other glands contain cells capable of 
producing special' chemicals of great vital potency. 

That the higher orgamsms consist of co-operative 
groups' of individual cell-speciahsts has been proved most 
strikingly in recent years by the invention of tissue- 
cultunng If a small piece of the skin, kidney, brain, 
or any other tissue is cut away from an organism and 
placed in serum (the clear fluid left over when blood 
clots), the tissue may remain ahve for some time. If the 
serum is carefully kept free from bacteria and at the 
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temperature to which the tissue is used, as, for example, 
98 4° F. if It IS from a man, the tissue hves vigorously 
After a day or two the waste-products poison the 
serum too much for growth to continue, but if part of 
the culture is taken out, washed and placed into some 
fresh serum this continues to grow as vigorously as 
before. The support of the hving processes when the 
tissue IS away from its parental bod>- is remarkable 
but still more, the cells in the tissue culture are kept in 
sufficiently healthy condition to be able to reproduce 
From time to time, cells in the culture divide and the 
new cell drifts off into a free existence in the serum fluid 
When the number of cells has become too great some 
can be taken out to start another culture. By fostering 
the succeeding generations of cells a tissue can be kept 
for many years, and apparently for ever. Cells from a 
hen, for instance, have been cultivated continuously for 
fourteen years: three times the period of the average 
hen’s life 

In tissue-cultures the behaviour of cells freed from the 
constraints of their environment can be observed. It 
much resembles that of the amoeba. 

The cell taken from the embrj’-o of a chick is wandenng 
in serum Like the amoeba it has no definite shape but 
has a definite boundary which is always changing its 
contour by pushing out parts after the amoeba’s manner. 
There is a nucleus in the ceU, oil globules, and wngghng 
rods called mitochrondia, among the more discernible 
objects. The whole cell is about half a thousandth of 
an inch in diameter (Plate XXI) 

Cells taken from different organs of a living body do 
not generate in culture copies of themselves A nerve- 
cell with the long neurones or nerve-threads growing 
out of it does not generate cells with equally long threads, 
nor a muscle-cell cells which have the same range of 
capacity for rapid changes in size The offspring of 
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cells ci-Itured in serum tend to be uniform in design and 
to : esemble amoebae This most interesting fact indicates 
that the cell is capable of adapting itself to its environ- 
ment. If it was generated in a muscle, it grows up 
muscle-hke, if free to move in serum it grows up amoeba- 
like Evidently cells growing in conjunction have a 
controlhng influence on each other Some experiments 
of Mangold demonstrate this prettily. |He takes a portion 
of tissue from the brain of an embry^oTrog less than two 
days old and transplants it on to the skin of another 
embryo. ’V^''hen the second embryo matures, the trans- 
planted tissue is found to have become incorporated 
into the animal’s skin and is definitely changed from 
brain to skin tissue^ But if the piece of brain tissue is 
four days old before transplantation it is not assimilated 
by the skin-cells and continues to develop into a brain/ 
Consequently, the second embryo matures with an 
extra brain growing on its chest ' More remarkable, 
the brain-cells compel the adjacent skin-cells on the 
embryo to become incorporated into the brain and 
contnbute parts not inherent in the transplant For 
instance, suppose the part of the brain associated with 
the eye is transplanted, and no other part. Besides the 
eye growing on the transplant other associated structures 
appear round it. The eye-cells of the first embryo 
appear to have the power to change some of the skin- 
cells of the second embryo into head-cells to accompany 
the transplanted eye. 

This modifying influence of adjacent cells on each 
other suggests why in tissue-cultures the oflTspnng grow 
less and less like their ancestors It seems to show, too, 
that organisms might be very much more plastic than we 
imagine, that great changes m the apparently funda- 
mental properties of animals are possible, and that 
science is not so far from discovenng methods of 
modifying the biological fundaments of living organisms 
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and producing onginal creatures quite different from 
any before known. 

These experiments suggest, also, that the secret of 
cancer may prove to be a defect in the mechanism by 
which cells induce each other to form a harmomous 
whole. Some of them have cast off the harmonising 
influence of their neighbours and grown independently, 
forming tumours mahgnant or otherwise 

xxrx 

REPRODUCTION 

The reproduction of orgamsms by themselves is perhaps 
the most remarkable property of hfe. In the single cell 
the structure is so small that microscopy has given 
little more than a description of the process Careful 
study reveals a few more objects in the cell besides the 
nucleus and containing fluid. For simphcity cell 
matenal is called protoplasm, but this word must not 



be thought to refer to one substance. The fluids in 
different cells are of different constitution, but have 
common charactenstics comprehended by the general 
term protoplasm The fluid outside the nucleus is called 
the cytoplasm 

The nucleus of the cell is found to contain a granular 
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stringy structure easily dved to a dark colour, and called 
cliroinatin for this reason The chromatin seems to be 
distnbuted about the nucleus as if it were concentrated 
at the surfaces of a packing of hquid bubbles or vacuoles. 

The cytoplasm contains sundry granules and oil- 
bubbles, and there is also near the nucleus a small 
granule called the centrosome which is prominent m 
cell division. When the cell begins to divide the chro- 



matm network in the nucleus becomes much more 
continuous in appearance and arranges itself into coils. 
Each of these short coils sphts along its length into two, 
as m fig 76 At the same time the centrosome particle 
in the cytoplasm outside the nucleus has spht into two, 



so that there are two star-shaped figures with hues of, 
some kmd joimng them. 

Then the parallel strings of split chromatin coils 
become more obviously ordered and the star-shaped 
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centres grow larger and send out more raoiating spokes, 
and the boundaries of the nucleus fade awa> The 
radiating spokes appear to be lines of stress along 
which the chiomatin strings, doubled in number by 



sphttmg, are divided into two even-numbered sets, 
one set proceeding to one end of the cell and the other 
set to the other end The chromatin stnngs now have 
very definite figures and are called chromosomes. 
The star-shaped centres move to opposite sides of the 
cell and the chromosomes assume a verv’ regular position 



across the diameter. They are seen to be in similar 
pairs, as would be expected, for they arose from the 
longitudinal sphttmg of the chromatm string. In the 
next stage the whole cell noticeably elongates and one 
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set of chromosomes seems to be drawn towards one 
star-shaped body and the other set to the other star- 
shaped body The cell elongates until a neck appears 
in the middle, and the chromosomes gather together 


r 

Fig 80. 

into clumps on the site of the star-shaped objects The 
neck narrows until the two bell-ends break asunder, 
the lines jommg the two sets of chromosomes disappear 



Fig 81. 

and there is a rapid readjustment of the contents as the 
broken ends concentrate themselves into separate cells. 
The chromosomes seem to be broken up into the 
scattered stnngy form in the nuclei of the new cells, 
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and cell growth proceeds until each cell is ready to 
multiply as its parent did 

Why cells should multiply in this comphcated manner 
IS at present obscure Possibly the mechanism is one of 
specialisation Since the nucleus or its equivalent is the 
most permanent feature of cells, its contents are probably 
the most vital. These are the entities possessing the 
fundamental properties of growth and reproduction, 
while the rest of the ceU is a con\ enient auxiliaiy^ 
mechanism. If the nuclear contents, in particular the 
chromatin granules or chromosomes, had to engage in 
growth and reproduction simultaneously, the chance of 
their developing their potentialities would be less than 
if they could spend a period on the activities of growth, 
and then suspend growth for a short time and devote the 
whole of their energy to reproduction. The good 
manager thinks intensively of the job before lum and 
make a decision on it before considering the next job 
If he tiies to think of all his jobs at once, he becomes 
muddled and none is done satisfactorily. 

Observation shows that the number of chromosomes 
appearing in the cells of a particular species is even and 
constant, ^f the cell is taken from man, the number is 
seen to be 48. A certain crayfish is said to have 200, 
and one species of water-flea has 4j) 

In the process of division the chromatin in the nucleus 
is formed into a string which splits into pairs of chromo- 
somes and one of each pair is taken to help m the 
making of the two new nuclei Evidently the constancy 
of the number and selection of the chromosomes is 
important. The chromosomes themselves are not all 
alike, some are bent, others like rods and others parti- 
culate; yet in division each new nucleus contains just 
one specimen siiftilar to each of the kinds found in the 
parent nucleus. Since there is such careful ritual in 
arranging that all cells have the same even number and 
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combination of chromosomes, it is not unreasonable to 
suppose the chromosomes have something to do with 
the preservation of the cell-type and are a part or the 
kernel of the controlhng mechanism which makes all 
cells retain the characters of their parents, and prevents 
the cells in a man suddenly generating cells hke those m 
a crab or a tree 

Cells hving independently merely increase their 
number when they reproduce If they have the abihty 
of sticking together, surpnsing things may happen. 
Even non-living things which stick together pioduce 
remarkable appearances when made to reproduce by 



Fig 82 

external agency. A thin stnp of paper as in (d) is 
twisted once and the ends stick together as in (b) If 
the ring (b) is sht into two down the centre of the strip 
with a pair of scissors, two intersecting rings are pro- 
duced. If the nngs in (c) are both slit again, a group of 
four inter-locked rings is formed More shtting produces 
a quite comp heated system of nngs So even with a 
mere stop of paper reproduction by sphttmg may 
make a compheated structure 
Among the thousands of different kinds of cells there 
are eggs, hen-eggs, frog eggs, crocodile eggs, human 
eggs Eggs have only one nucleus, but may have a 
relatively enormous quantity of yolk and white of egg 
surrounding it The chief bulk of an egg is a non-hving 
store of food for the nuclear cell and the products of its 
generation to draw upon (see Plate }®CII) When the 
cell sphts and multiphes its progeny are surrounded by 
food This is why eggs are so nounshmg Nature 
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evolved them as food-providers for the little nucleus 
within Man nfles this natural store of food prepared 
according to the best natural recipe 

The start of the growth of eggs has some prehminaries 
which will be descnbed presently But once cell-division 
has started, the process m the early stages continues in a 
manner common to most orgamsms. The cell sphts 
into two. Then into four Then into eight, sixteen, 
etc In the first three stages the structure is solid, for 
two, four and eight cells combine into sohd figures, 
the eight cells making a cube. In the fourth stage the 
sixteen cells are arranged cyhndrically , the organism 
already shows a simple inside. At the next sub-division 
the thirty-two cells form a sphere At the next, there are 
sixty-four cells arranged over a sphere contaimng fluid 

In Amphioxus the development in eleven subdivisions 
is seen in Plate XXIII The bendmg-in of the cells on 
one side of the sphere is commencing in the seventh 
stage, and in the tenth the differentiation of the cells 
into two layers, one external and protective and the 
other internal and digestive, is clearly seen. 

A similar course is seen in the early divisions of a 
frog-egg The cells subdivide until there is a continuous 
sphencal layer. Then some cells increase their rate of 
growth and cause the crumphng so that the organism has 
an inner and outer layer of cells. A third layer of cells 
divides off between these layers So in the frog the 
rudiments of the skin, sense-organs and nerves are 
found at this early stage in the outer cell layer , the middle 
layer are the forerunners of the muscle, skeleton, blood, 
kidney and reproductive organs, and the inner layer 
contains the rudimentary hmng of gut, hver, lungs, 
etc. 

At this stage the future organs of the ammal begin 
to differentiate visibly. A groove appears in the back, 
deepens and curls over to form a tube which becomes 
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the spinal cord and brain On the head rudimentary 
e>es, ears and nose appear On each side of the gut sets 
of rudimentary muscles for operating the future limbs 
develop 



Rudimentary kidneys and excretory organs develop 
out of a cavity in the middle layer of cells. The mouth 
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and arms and gill slits h.'jin to form and tubes of cells 
to become rudimentarj blood-vessels This rapid 
evolution fiom the simple layered embr>'o to one with 
obvious rudimentary organs happens in not more than 
forty-eight hours Though the embryo fiog has deve- 
loped rudimentary organs these are as >et only proto- 
plasmic moulds or scaflFoIdings. The figures looking like 
future eyes, kidneys, hvers, guts, etc., are not living as 
organs but merely as collections of individual cells. 
These cells have been concerned in the production of 
organ-hke structures, as Pygmalion sculptraed the statue 
but the matenal of these structures has not assumed the 
life of the organ, as Pygmahon’s marble had not assumed 
the processes of hfe. The cells at this stage are suited 
only for rapid division and bnck-like building up of 
form They are not suited m their various sites in the 
hver, for example, to produce the digestive juices The 
cells in the various parts of the body have now to adapt 
the customs of local inhabitants, and change from their 
uniform brick-hke character into cells respectively 
suitable for liver, brain, muscle, gut, etc. 

When this change is accomphshed all the cells in the 
body are more or less ready to work in their appropriate 
mann er, so the orgamsm is ready to be hatched It is 
now a tadpole able to make its own hving. The habit of 
self-feeding and use of its body engenders a further stage 
of development. At the end of this, the animal is ready 
to make a final change from tadpole into a young frog 
In this sudden change lungs and head and legs develop, 
the colour of the skin changes, and the mternal organs. 
The intestine shortens from one suitable for vegetable, 
and becomes suited to the digestion of animal food 
The tail and gills of the tadpole are actually reabsorbed 
back into the animal by the action of wandering cells 
and their matenal used in the construction of new 
tissue (fig. 83), 
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The joung frog goes on growing, until transformed 
from a juvenile into an adult. Adolescence is its next 
crisis, after -svhich its sexual cells mature and it is pre- 
pared to achieve the full frog life For a comparatively 
long penod there are no more great changes, the animal 
having settled down to a steady rhythm of existence 
Finally the pulse of the rhythm declines, tissues lose their 
vitality and agCsSucks out the sap The animal becomes 
feeble and a prey to enemies and is killed In an aquar- 
ium It might perhaps dechne, worn out, into death, but 
in the world its end almost certainly would be violent 

Organs develop from specialisation of cells Some 
cells specialise m digestive processes and make guts and 
stomachs, others as sensory organs in the eye and con- 
nected with the brain, others in nervous systems and 
musculatures Ceil speciahsation occurs also in repro- 
duction. The imtiation of these processes is left to the 
cells in special organs 

In the female frog the ovaries contain cell-eggs from 
which frogs can develop. If some of these eggs are 
taken out or collected when ejected from the animal, 
they can be caused, by a skilful technique, to commenfce 
subdividing and building up a new animal according to 
the scheme just descnbed. The eggs have to be pricked 
with a fine needle dipped in blood. Starfish eg^ can 
be started on their career of subdivision by heat, and 
sea-urchin eggs by chermcal treatment. These discovenes 
are very mterestmg and show that sex is not fundamental 
to reproduction even in highly organised ammals. 
Perhaps biologists will discover one day how to make the 
male reproductive cells of frogs subdivide and produce 
normal frogs by some kind of chemical or physical 
treatment, though this is doubtful. The problem is 
diffi cult because male reproductive cells, the sperm, are 
exceedingly small and dehcate, consistmg mainly of a 
nucleus and a fine thread. The experimenter trying to 
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make sperm subdivide would have to provide them with 
a store of food artificially. Female eggs have volks 
naturally provided for the purpose 

Since sex is not theoretically necessarv for reproduc- 
tion, a modern scientific discovery verj. surprising to 
everj'one, vvh} has sex come to be so inv'ohed in repro- 
duction It must be a refinement to obtain subtler 



results At some stage in evolution after the primitive 
cells in a simple orgamsm had already developed a 
speciahsation in reproductive processes, there must 
have been a further speciahst subdivision The group of 
reproductive cells divided into two sorts, one concerned 
with the accumulation of food to assist subdivision, the 
other concentrating on vital accomphshment, the 
achievement of p‘owers of swift movement and activity 
In this early organism the reproductive cells began to 
diverge into two types, one large, quiescent, full of food 
matenal, the other small and active and accomphshed 
When new organisms had to be produced, both sets of 
speciahsed cells were ejected and expected to collaborate 
in the reproduction, the egg-cells providing the conserva- 
tive, the sperm-cells the imtiative characteristics, required 
m combination in the most desirable orgamsm. If there 
had not have been specialisation by the reproductive 
cells, they would not have been able in themselves as one 
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uniform tj.pe to e\oive together the characters of large 
food-storage and activitj- to such a high degree as 
separately. Here perhaps is one of the explanations of 
the ongin of sex Some organisms have not evolved 
beyond the stage of speciahsalion of reproductive cells 
within themselves They have not advanced to the stage 
of evolving different kinds of mature orgamsms to bear 
the different kinds of reproductive cells, and have no 
differentiation into male and female. 

A.n organism reproducing by simple subdivision and 
having no relation with other members of its race has 
only Its own heritage to draw upon. The range of 
possibilities in its offspnng are very small and it cannot 
benefit from the qualities of others 

If any of its colleagues have specially admirable charac- 
ters It has no mechamsm for arranging that some of them 
should appear in its offspnng Clearly it is desirable 
different members of a race should be able to exchange 
some of their qualities so that as large a range of charac- 
ters as possible should be toed in the racial life. The 
greater the vanety tried by the experience of life the 
better chance of discovering the best racial type. This is 
accomphshed m simple single-celled organisms by an 
extremely interestmg mixing process quite different from 
reproduction. 

Two cells approach, merge together, imx themselves 
up and separate again. The two resulting cells have bits 
of the others in each of them. There is no increase m 
the numbers of cells through this mixing process, it is 
not reproductive But the two new cells seem to be 
more vigorous than the two old ones, they seem to be 
stimulated by the re-assortment of their sum of characters. 
This re-assorting activity and not reproduction seems to 
be the true function of sex. In the higher animals both 
mixing and reproduction happen together and until the 
process was carefully analysed by modern biologists, the 
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object of sex was naturally supposed to be purely 
reproductive. This apparently is not so Sex has to do 
fundamentally with vital refreshment and exchange of 
potentialities Two organisms uniting sexually are 
fundamentally trying to obtain new hvmg possibilities. 
Reproduction is quite another activity and has been 
combined with sex in higher animals for convenience 
and efficiency, just as some of the same organs are used 
for the quite different purpose of excretion It should 



be reahsed that in the last analysis the three activities 
of reproduction, sex and excretion are fundamentally 
distinct. In her tendency to mechanical economy nature 
has arranged to use some organs for aU of these purposes, 
to the senous confusion of philosophers 
Some thinkers approaching hfe from aspects other 
than the physiological have discovered this truth for 
themselves with vanous degrees of clarity. Perhaps this 
was the discovery,D. H. Lawrence had made by profound 
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plumbing of the human consciousness. His passionate 
exhortations on the importance and inspiration of 
sex were due to his apprehension of its power of vital 
renewal. I consider his contention is supported by 
modem knowledge of the physiology of sex, and the 
phenomenon of the appearance of the same idea at the 
same time in two dilferent regions of human thought is 
of considerable interest to those who assert that ideas are 
manufactured out of the environment of their day, and 
do not spnng up at the whim of providence Perhaps 
this IS one of the explanations of the deep feehng that m 
spite of his hmitations D. H. Lawrence is one of the 
few recent Enghsh hterary workers of solid creative 
gemus. 


XXX 

FERTILIZATION 

Nature has evolved a speciahsation in the technique of 
reproduction in the higher orgamsms. She has exploited 
sex to assist in the process and arranged that there should 
be tsvo types of any orgamsm, one to bear reproductive 
cells speciahsing in food storage and the other in physical 
activity. She has also had to arrange that these two 
types of cells must combme and share their potentiahties, 
if orgamsms with new assortments of potentiahties are 
to be produced 

At first sight, there seems to be no reason why the 
two types of cells should not just combine into one, 
and then the orgamsm could evolve from this new 
unit by the ordmary method of ceU division. 

This would not do, however, for this cell would 
contam double complete sets of potentiahties It would 
have too much. Its descendants would have four times 
as many, and so on. A process is necessary to halve the 
potentiahties m reproductive cells m orgamsms of each 
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sex, so that when thej- conl9B[y"y‘ilfa excKarige their 
assortment of potentialities, the two half-sets will 
together make up a normal complete set. 

Accordingly in organisms using sexual reproduction 
there is still another stage of evolution in their develop- 
ment After cells have begun to specialise for repro- 
duction and consequently differ from cells beginmng to 
specialise m digestion, etc , they specialise once again 
at a late stage They spht into cells with only half the 
normal number of potentialities This is the explanation 
of the ongin of the even number of chromosomes 
generally found in cells Since any cell is ultimately an 
oflfsprmg of male and female ancestors it must have a 
set of potentiahties from each parent, so it has one 
chromosome of each type from each parent, i e , it has 
two chomosomes of each type for its normal complement, 
makmg an even-numbered set The normal complement 
of potentiahties is contained in an even-numbered set of 
pairs of chromosomes. 

In the reproduction cells of males this further stage 
of development is represented in fig 86 (I), and for 
females in (II) 

The im mature male reproductive cells subdivide into 
four sperms, the nucleus of each contaimng only half of 
the chromosomes in the normal cells for the rest of the 
orgamsm’s body The immature female cells subdivide 
in four, one of which is much larger than the others, 
and It IS the only one to survive, the three small cells 
(called polar bodies) subsequently disappearing and 
being destroyed. 

It IS interesting to notice that m general the selections 
of chromosomes in two of the sperms dilSer from that 
in the other pair. This means that the potentiahties of 
the sperms are different, and among possibihties, the 
sperm will be either female or male m its potentiahty. 
Similarly the egg from the female reproductive cells 

VOL. II B 
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may have either of two potentiahties. Hence there are 
four different kinds of special cells concerned in sexual 
reproduction, male orgamsms contaimng sperm with 
female potentiahties, and female orgamsms producmg 
eggs with two sets of potentialities, though these do not 
include sex. A cunous deduction can be made from these 
facts. If the egg-cells of women could be caused to develop 
by artificial means, as the eggs of frogs are by prickmg 
with a needle dipped in blood, the human race could 
be restricted to women and yet survive Theoretically 



-4- Sperms O/ie 


(J) Fig 86 (II) 

boys would be produced by these abnormal artificial fer- 
tihsations, but there would probably be a few girls, as the 
expenments with frogs show a small percentage of females 
Since one-half of the sperms in men are female-makmg 
and the other half male-making, the number of boys and 
girls brought into the world are approximately equal. 

Suppose the sperm nucleus labelled (a) in fig. 87 
fertihses the egg. The sperm penetrates the egg, adds 
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Its quota of chromosomes, and then the egg dmdes. 
Suppose, ho\^e\er, that sperm nucleus (b) in fig. 88 
fertilises the egg 

It IS seen that the developing egg which will produce 
an orgamsm eventually, has a different complement of 
chromosomes For instance, m the first case, with sperm 
(a), the resulting developing cell has two black dot 
chromosomes. In the second the cell has one black 
and one white dot chromosome. All its descendants 
will have the same complement It is natural to w onder 
whether the charactenstic differences of the mature 
animal resulting from these different sets of chromosomes 
may not contain the factors controlhng heredity. Be- 
sides appeanng always in constant numbers in the cells 
of any species, they are almost the only part of the 
orgamsm which has the potentiality of eternal hfe. By 
the splitting in the subdivision of the nucleus m cell- 
division the contents of the chromosomes persist and 
their offspring pass on to other orgamsms The chromo- 
somes in an animal’s reproductive cells hand on parts 
of themselves in the ammal’s children They are not 
mortal like the rest of the ammal’s body The potential 
eternity of existence and the extreme orderliness of 
chromosome arrangements m cell-dmsion suggest 
strongly that they contain the factors governing inheri- 
tance in organisms. Biologists have therefore most 
carefully attempted to correlate characters of organisms 
with the chromosome equipment of their cells. They 
have looked to fin d whether monstrous ammals have 
pecuharities m their chromosomes, and whether the 
characters of an ammal could be deduced from its 
chromosomes. If someone sent them a piece of tissue 
from a fruit-fly and some information about its ancestry, 
could they by studymg the chromosomes m the cells of 
the tissue deduce that the fly would have certain charac- 
ters, and then write to their correspondent asking him 
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to look for these characters in the flv, and then hear 
that he had found them? Feats of this kind have 
been achieved, so there is strong evidence that hereditary 
characteristics in an organism are determined by the 
nature of its chromosomes 
In the begmmng there was space- time. This differen- 
tiated into protons and electrons These combined 
together to form atoms Atoms combined to form 
chemical compounds. Chemical compounds combined 
to make colloids Colloids combined into comphcated 
self-reproducing substances, and these evolved at first 
probably just by themselves. Later mixtures of them 
accumulated and reproduced mixtures rather than 
individual substances, hke very simple bactena. 
Presently the mixtures congealed or differentiated into 
groups which now began to develop their own com- 
phcated properties. These groups became visible as 
granules and accumulated a coat of fluids around them 
so that they appeared as structures in the nuclei of cells, 
and these structures are called chromosomes. But 
chromosomes have a constitution and an evolutionary 
history and are built up of many different, more elemen- 
tary self-producing substances. Though these, like elec- 
trons and atoms, have never been seen, there is strong 
evidence for their existence, and they are called genes. 
We suppose, therefore, that chromosomes are made up 
of many different kinds of self-reproducing substances 
of constant composition called genes. 

XXXI 

HEREDITY 

When frog’s eggs are launched on their career of develop- 
ment not by fertilisation with male sperms, but by 
pricking with a blooded needle, they may develop into 
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normal frogs. The cells of these frogs contain the 
normal number of chromosomes, yet the eggs they 
developed from contained only half the normal number. 



Fig. 89. 


Suppose an animal-egg being artificially activated 
contains three chromosomes, half of the normal number 
SIX. When pricked, the cell commences to subdivide, 
but does not complete the process. Instead of the two 
sets of three chromosomes grouping together into two 
nuclei, the process is arrested and the six chromosomes 
group together into one nucleus. Afterwards the process 
of subdivision continues m a normal manner and 
produces a normal animal (fig. 90). 



Fig. 90 


Artificial fertihsation by needles, chemicals, heat, etc , 
produces orgamsms of both sexes, but mainly males 
(Plate XlXb). 
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How IS the sex of an animal usually determined ? By 
the nature of those chromosomes containing the gene 
relating to sex. 

Fig. 91 represents the nucleus of an immature repro- 
ductive cell from a male ammal, such as the fruit-fly 
or man, showing only those two chromosomes contain- 
ing sex genes One chromosome was denved from its 



mother and is female-determining (X), the other from 
its father (Y) is male-detenmmng It subdivides into 
four sperms each containing one sex chromosome, so 
two sperms wiU have X only and two Y only. The 
immature female reproductive cell nucleus contains 
an X-chromosome denved from its mother, but instead 
of denvmg a Y-chromosome from its father it received 
one of the X-chromosomes, thus the female egg has two 
X-chromosomes and cannot avoid being entirely 
female (fig. 92) 
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Since certain chromosomes contain the gene deter- 
mining whether a cell shall be male or female, and 
probably contain genes determining other characters 
also, we may expect to find sex and these characters 
determined together. 

It appears that certain kmds of colour-bhndness m 
man are controlled by a gene in the sex chiomosomes. 



Fig 92 

Consequently, the transmission of* the character to the 
descendants depends on their sex A colour-bhnd man 
with a normally-sighted wife has normally-sighted 
children, but one out of every four grandchildren is 
both male and colour-bhnd The colour-bhnd de- 
scendants are always male 

The chromosome distribution which causes these 
effects is given in fig 93. 
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Examining this diagram, it is seen that the colour- 
bhndness gene is in the daughter cell on the left, yet 
colour-bhndness does not appear m the daughter The 
gene is there but not active In the son-cell on the right 
the colour-blindness gene is not there Evidently genes 
are sometimes active or sometimes passive, dominant 
or recessive 

The cell in fig 94 has six chromosomes, two of each 
kmd. Suppose the black dot chromosome came from 
the father, the white dot from the mother, and that 



genes in these chromosomes are responsible for the 
colour of the animal’s hair. If the father was red- 
haired the gene for red-hainness must be in the black 
dot, and if the mother was fair-haired the gene for fair- 
hairiness must be m the white dot. Now the genes in 
the cells must either act together, or separately, the 
ammal must have hair of a mixed colour, or red or fair. 
Some of the offspring are often found to have either red 
hair or fair hair, but never a mixture. If that is so, one 
gene must be able to exert its effect always, while the 
other can do so only when the former is absent. 
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Suppose a gene is dominant , if it is in all of its parents’ 
appropriate chromosomes, all the descendants will 
contain the gene and have one of their characters 
governed by it. This condition is represented in fig. 
95a, and results in a pure breed for this character. 
Entirely red-haired cows when pure-bred for redness 
will produce red-haired calves and descendants only 
Suppose one parent has a dormnant gene for one 
character and the other has not. In the first generation 
all the offspnng have this character. With random 
mating in the second generation three out of every four, 
and in the third nineteen out of every twenty-four 



Conversely, if a gene is recessive, it will appear in a 
random mating only once out of four times in the second 
generation and not at all m the first In the third 
generation it will appear only five times out of twenty- 
four. Yet the recessive gene will be in the cells of all 
the first generation in three out of four in the second 
and in nineteen out of twenty-four m the third. 

Suppose a man has a recessive gene for insanity and 
he marnes a normal wife His children will all be sane. 
With brother-sister mating, one out of four of his 
grandchildren will tend to be msane, and five out of 
twenty-four of his great-grandchildren, and fourteen 
others will have the power of transmitting insanity. 
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Only five will be entirely free of insanity, though with 
conventional mating the figure w'lU be much higher. 



Fig 95b. 
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Chromosomes contain groups of genes and hence the 
determinations of groups of characters. If the processes 
of ceil division were always performed by nature perfectly 
exactly, only groups and not individual characters could 
be transmitted. For instance, if the square-head gene 
and the red-hair gene were in the same chromosome, 
ammals contaimng this chromosome in their cell would 
be both square-headed and red-haired, but never square- 
headed and black-haired, or red-haired and round- 
headed. But the cell divisions are not alwaj's performed 
exactly When a reproductive cell is ripening the chromo- 
somes sort themselves out m pairs. 



Sometimes they become entangled and crossed. When 
the cell subdivision occurs the crossed chromosomes 
break and the parts go off with the wrong partner. If 
this happens, genes which used to be in one chromosome 
have been transferred to its companion The cell does 
not contain less genes, but they are in different groups. 
The genes can be interchanged to some extent between 
companion chromosomes. 

Though this process is very difficult to estabhsh by 
microscopical study and the direct evidence for it is 
meagre, the indirect evidence is striking 
It is possible to obtain specimens of the fruit-fly 
{Drosophila) with black bodies and short wings. The 
genes for these characters lie in a certain chromosome 
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When one of these flies is crossed to a normal flj- with 
normal colour and wings the offspring appear normal 
because the black bodj and short wing characters are 
recessive If one of the female offspiing is mated with 
a black male, the next generation are of four kinds. 
One IS like the normal grandparent, the next is like the 
abnormal grandparent and the third has nonnal long 
w'lngs but black body and the fourth normal bod^ but 
vestigial W'lngs. The chromosome movements are given 
m fig. 98. 



The phenomenon of crossing-over in Drosophila has 
been exploited most ingemously by T. H. Morgan and 
his school for locating the actual position of genes in 
chromosomes Suppose two genes are situated at the 
position marked into the two long chromosomes in the 
figure In the accidental twisting of these two long 
chromosomes at the ripemng cell subdivision they may 
become twisted with equal probabihty at any place along 
their length The twists might be at any of the following 
places, for example. The chances of a twist falhng 
between genes m a chromosome clearly depend on the 
distance between the genes If they are at opposite 
ends of the chromosome every twist and breakage will 
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be a'b. By observing the percentage rate at which 
exchange of characters normally hnked together occurs, 
it is possible to deduce the distance between their genes 
in the chromosome carrymg them By deducing the 



distances between other pairs of genes, one of which was 
in the previous pair, it is possible to make a map of 
gene-distnbution in the chromosome The method of 
the process resembles rather that of stereochemistry, 
where the relative position of atoms in chemical com- 
pounds IS determined from the nature of the compound’s 





Fig. 101. 

reactions with other chemical substances The deduc- 
tions of stereochemistry have been confirmed in recent 
years by X-ray analysis. Photographs have shown 
directly that the chemist’s deductions were correct. 
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Perhaps some kind of X-ray method will one day directly 
expose the position of genes m chromosomes 

The twisting and breaking of companion chromo- 
somes in the subdivision of ripemng reproductive cells 
produces a numencal distribution of cWacters which 
can be observed in animals such as the fruit-fly. More 
serious accidents in cell subdivision cause stranger 
eSects in the ammal resulting from the development of 
the cell. 

In fig. 102 one of the chromosomes has spht and then 
stuck together again. After the division one cell has 





only three chromosomes and the other four, one being 
of double size and bearing double its usual number of 
genes. The orgamsm from the second cell could mate 
with the normal orgamsm because the number of 
chromosomes would be equal, but the offspring would 
be abnormal because of the new double sized chromo- 
some in Its cells 

Less simple than accidents to whole chromosomes, 
there may be slight accidents, such as a bit of one 
chromosome stickmg to another, or one breaking up 
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into parts and starting a race with more than the usual 
number of chromosomes 

Then sometimes a reproductive cell subdiMdes and 
the nuclei recombine and form a cell with double the 
usual number of chromosomes Tnple or quadruple 
sets are possible If the cells reproduce successfully 
after the accident a new stable race of organisms arise. 
Accidental chromosome complications of these lands 
are usually fatal to animal reproducti\e cells, throwing 
these complicated reactions out of gear, but plants 
often withstand them successfully For instance, with 
plant-ceUs chromosomes from different species of 
plants can be obtained Certain roses have five different 
species of plant chromosomes in their cells It is possible 
to obtam a plant with turmp, cabbage and radish 
chromosomes in its cells The plant is perfectly stable 
and Its offspring resemble itself. Several of the new 
commercial varieties of fruit and vegetables have ansen 
thus accidentally through mixing up of genes 

Though these changes in distribution of genes, and 
even of chromosomes from different organisms, are 
known, the cause of the accidents producing them is 
not understood. 


xxxn 

MUTATIONS 

Genes are made out of self-reproducing chemical sub- 
stances. Under suitable conditions they normally 
hve for ever unchanged, but sometimes their chemical 
constitution may be altered by a physical accident. A 
cheimcal or physical force in the environment may 
cause an alteration in their chemical constitution, or 
some fundamental internal instabihty resembhng radio- 
activity, which acts from time to time and causes a 
spontaneous rearrangement of the atoms in the gene. 
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until an external force or the next radio-active-like 
explosion causes yet another rearrangement. 

Changes of this type produce genes possibly different 
from any other previously existing genes Such new 
genes may exert an influence on the orgamsms contaimng 
them in their ceils diflferent from that exerted by all 
previous genes, the orgamsm shows a new character. 

These changes are contmually happemng in nature. 
A pure race of orgamsms, aU of whose genes are known, 
reproduces itself perfectly for a greater or smaller 
number of generations, and then suddenly throws a new 
offspring having characters different from any before 
seen in the race. This is due, according to the gene 
theory of heredity, to a sudden change in the chemical 
or structural constitution of one or more of the genes. 

The effects of the process are observed beautifully 
in Johannsen’s experiments with garden beans. These 
plants multiply by self-fertihsation, so no gene goes 
into the gene-equipment of descendants which was not 
in the parent bean. Johannsen kept the seeds of each 
plant separate He found that the plants from these 
seeds produced crops of beans with a defimte range of 
size. The average size of the beans from the smallest 
seed of the parent-bean was just the same as the average 
size of the beans from the largest seed Also, the 
range of size of the descendants included the size of the 
parent-bean. What do these results mean ? That there 
is a fixed factor in the beans which tends to keep them 
to a certain size How then do the vanations m size 
anse ? These must be due to accidental environmental 
circumstances. If the bean grew in the corner of a pod, 
or on a feeble branch of the plant, or on poor or rich 
soil, or was exposed to especially good or bad climatic 
conditions the tendency to grow to a certain size would 
be stimulated or inhibited. The vanation in size must 
be due to accidental causes arising dunng lifetime. The 
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very important principle emerges that small variations 
in a race are due to environment, but these variations 
arise only during lifetime and have no effect on the 
descendant of the orgamsms showmg them. The factor, 
the gene, which determines the tendency to grow to a 
certain size, is not affected by environment because the 
descendants of beans which had the most varying 
environmental life still carry the same tendency to grow 
to a particular size. If a seed from the parent-bean 
whose descendants we have been discussing were planted 
m stony soil cut off from sunshine by a wall, its descen- 
dants would be puny But these puny seeds would give 
beans of the normal size if set in a normal environment. 



The offspring from one bean can be cultivated for 
many generations, and each generation be grown in a 
different environment, yet the seeds from the last 
generation will have the same tendency as those from 
the first to grow to a certam size. The gene for size 
remains constant and is passed on unchanged in con- 
stitution from generation to generation. 

The stability of the gene is remarkable; nevertheless, 
it is not absolute. Johannsen found that though a pure 
line of beans kept to the same average size for many 
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generations, now and again a tendency to grow to 
another average size appeared suddenly. It was found 
that the seeds of a descendant of the original bean were 
not of the a\erage size, but of a new average size Now 
the descendants of this crop of seeds preserved the new 
average for many subsequent generations Evidently 
there v^as a sudden change in the constitution of the 
gene of these seeds and it set a new fashion in sizes for 
Its descendants These sudden changes of hereditary 
tendency after many generations of extremely stable 
breeding have often been recorded. There is the case 
of the Ancon sheep mentioned by Darwin A lamb 
was found to mature into a pecuhar ram with short legs 
and long back Its characters proved to be stable and 
were inherited by its descendants The herd of short- 
legged sheep had a special value since its members could 
not jump over hedges and consequently required less 
attention The British buUdog is said to be a descendant 
of a pecuhar dog thrown by a mastiff 

Sudden changes of this kind have been repeatedly 
observed in animals and plants hving under wdd and 
domesticated conditions They are easier to observe 
under carefully controlled laboratory conditions. For 
mstance, the water-flea {Daphnid) was bred for 363 
generations and preserved unchanged its character of 
thriving best at a temperature of 20" C After fourteen 
years’ steady breeding, a strain appeared suddenly 
whose optimum thnvmg temperature was 27° C. A 
tobacco plant of Northern USA suddenly produced 
offspring which would not flower and seed Experiment 
showed it would flower if treated with artificial hght so 
that Its day resembled that of the sub-tropics instead 
of Northern U S A , a new kmd of sub-tropical tobacco 
plant being discovered for commercial exploitation 
In the fruit-fiy, Morgan and his school have noted 
400 sudden changes in characters, some large and 
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others slight The fruit-fly with black body and vestigial 
wings bears a gene for these characters which arose 
suddenly. It produces an extraordinary change m the 
appearance of flies bearing it Other fruit-fly gene 
mutations are much less drastic in their effects on then- 
bearers, and may cause a shght change only in the 
colour of the eye and wings. 

All these sudden changes in inheritable characters so 
far mentioned have been observed to arise apparently by 
change in orgamsms growing wild or under domestication. 

Very recently biologists have succeeded m makmg 
genes change or mutate by apphcation of chemical 
and physical agents. Harnson fed certain moths 
with food soaked in weak solutions of manganese and 
other metalhc salts These affected the pigmentary 
gene, causing it to change and become a detenmner of 
blackness The changed gene was inhented stably by 
descendants who bore the black character without 
themselves being given manganese meals 

Harnson was led to this experiment from a considera- 
tion of the appearance and distribution of ceitain black 
or black-marked moths in the industrial districts of 
Britam For instance, in 1898 no dark specimens of the 
moth Ypsipetes trifasciata had been found in North 
Durham By 1910, hght specimens were difficult to 
find. Similar phenomena were observed m other 
countnes where industriahsm had been developed, such 
as Germany, Belgium, France and U S.A. Harrison 
suspected the deposits of chemicals from industnal 
smoke on the vegetation in the moth’s environment had 
affected their sources of food and caused their colour- 
gene to change His feeding expenments in the 
laboratory strongly corroborated his suspicion. 

H. J. Muller of Texas has shown that X-rays or similar 
rays from radium can have the effect of changmg the 
constitution of genes in fruit-flies. After X-rays had 
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been disco\ered, the lethal powers of strong doses were 
soon demonstrated. They were found to stenhse repro- 
ductive ceils when in sufficient strength. This property 
has made them useful for the treatment of various 
tumours and mfections in the body. By careful regulation 
of the strength of the dose, Muller found the reproductive 
cells of the fruit-fly could be affected without serious 
damage to their fertility 

The sperm ceils of the male could be rayed before 
the sperm had been transmitted to the female, or rayed 
when already in the female, and fundamental changes 
m the genes be mduced. The treatment of unfertihsed 
females was also effective. The changes m characters 
due to these gene changes were of every t3^e, some 
being so fundamental that the orgamsm could not hve, 
others were physiological, and others were mdistin- 
guishable from the changes seen to have occurred in 
natural mutations when the orgamsm was not sub- 
jected to any abnormal influence. 

Muller’s experiment is extraordmanly interesting It 
means that man can produce races of organisms with 
entirely new characters, and is not necessarily forced 
to wait upon caprices of nature for the appearance of 
new vaneties of organisms Until now he has been 
able only to take care not to miss the useful new organisms 
mutated by nature. He could not be more than a careful 
husbandman Now he is partly master, though not 
wholly, for he can make changes only, not changes in 
what he considers are desirable directions. In fact, 
most of the changes produced in the flies are in the wrong 
direction. At present he can proceed to produce new 
types, and knows when he X-rays orgamsms suitably 
he wdl get new types, but he is not yet able to foresee 
and choose the type. Already new vaneties of corn and 
other plants have been made by X-ray treatment in 
the hope that new improved stocks will appear. 
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The next step is to disco\er how to direct the change, 
not produce a mere change, but a change in the desirable 
direction. When that is discovered man will become a 
master of evolution and will not only guide his own 
life, but produce new hfe-possibihties, men with power- 
fuller bodies and finer minds who perhaps will accelerate 
enormously these first advances towards the human 
control of evolutionary destiny. 

Muller’s achievement has suggested another re- 
markable speculation X-rays, rajs of short wave- 
length, do exist freely m the world and arise from 
several sources Many radio-active substances emit 
very short-lengthed X-rays. Possibly the radio-active 
matenals scattered through the earth are continually 
affecting mutations in hvmg orgamsms. Then hghtmng 
flashes cause electrons to travel with enormous velocities. 
When the electrons strike metalhc objects X-rays are 
produced. More thnlhng than those, there are the 
cosmic rays. These come from outer space, have great 
penetrating power and considerable intensity. The total 
energy of the cosmic rays reaching the earth is com- 
parable with the total energy of the starhght received by 
the earth. There is the possibihty that the new characters 
and hence all except perhaps a few primitive characters 
in hving orgamsms are due to rays arriving at the earth 
from outer space. Later experiments by workers of 
Muller’s school appear to show, however, that mutations 
occur too qmckly to be due to cosmic rays only. There 
must be other causes. 

After discussing the causation of mutations it is 
natural to enqmre of their frequency How rapidly do 
fundamental changes in the determiners of character- 
istics occur ? In the fruit-fly 400 changes in the constitu- 
tion of genes are known This number is very large, but 
still IS probably only a small fraction of all the genes 
in the fruit-fly. In nature there is an immensely greater 
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number of flies than in laboratory experiments, so 
presumably the number of gene-changes which have 
occurred in nature during the period of laboratory 
experimentation is vastly greater. Zeleny has found 
that, on the average, a hundred thousand fruit-flies 
show 28 to 61 gene-changes. It is estimated that a 
thousand years of breeding would be required to change 
every gene in this organism, and the mutation rate in 
the fniit-fly is enormously quicker than is known in any 
other organism 

Muller has speeded up the rate of mutation in fruit- 
flies 150 times in his X-ray experiments Hence he 
can produce artificially mutations at the rate of 4,200 
to 9,150 per 100,000 fruit-flies, and could expect to 
change every gene in the fruit-fly m about six years 


XXXIII 

EVOLUTION OF LIVING ORGANISMS 

Knowledge proceeds from the outside inside Histori- 
cally the atom, the electron, the gene are deductions 
from external phenomena The early Greek philosophers 
postulated atoms because they wanted an entity capable 
of showing both the stabihty and the flux of the objects 
of primitive perception such as water, air, fire, earth 
and hving orgamsms These things are continually 
changing and yet always exhibiting certain constant 
quahties. If they were made of collections of very 
small particles of constant properties their two quahties 
would be explained After centuries of study this 
speculation has been more and more substantiated. 
Besides the constant recurrence of the same quahties 
in thmgs, quantitative constancies were discovered 
Substances always combined together in constant 
quantities, indicating there was a painng-off of entities 
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in them when they combined The pressure of gases 
could be explained if the\ consisted of particles and the 
rate of diffusion of gaseous particles through porous 
plugs allowed estimations of their size and rate of 
movement to be made The constant connection 
between the weight of substances released by fixed 
quantities of electncity indicated that atoms of sub- 
stances could pair off with fixed quantities of electncity * 
electrical particles Nothing attnbutable to a sm^e 
particle was seen in any of these investigations The 
whole atomic theory was erected on the properties of the 
outsides of things, contaimng milhons of the postulated 
particles. Then modem atomic physics was initiated 
by the discovery of cathode rays consisting apparently 
of streams of electric particles. These produced X-rays, 
and X-rays could be used to release individual electee 
particles capable of demonstrating their presence by 
disturbing the movements of drops of water in clouds 
About the same time, radio-active substances ejecting 
atomic and electric particles individually capable of 
registering their presence were discovered The atomic 
theory received confirmation from the external manifesta- 
tions of single atoms, so much more convmcmg than 
probabihty deductions of the existence of particles from 
the properties of matter m bulk. 

A similar course of discovery has occurred in the study 
of hvmg orgamsms. At first they were the objects of 
general observation and regarded entirely as umts in 
themselves. Early reflection must have revealed that 
they were made up of various organs common to aU 
members of a species Then the invention of the imcro- 
scope assisted, he discovery of the cell, showmg that aU 
orgamsms are structures of one or more cells, aU of 
which have certain obvious general characteristics and 
probably an enormous number more of unobvious ones 

The external evidence indicating the existence of 
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units or particles of some kind having the power of 
determimng characters in orgamsms was first discovered 
by Abbe Mendel He showed that peas inhented many 
of their characters of colour and shape according to 
anthmetical rules. Evidently the pea contained a umt 
capable of conferrmg a certain character on itself or 
Its descendants. The visible entity in hving organisms 
which might contam the unit was most probably one of 
the chromosomes in the nuclei of cells, though this was 
unknown to Mendel, because chromosomes develop by 
sphtting and run through a whole species and do not 
die, as the body superstructure of brain and muscle 
tissue dies. There may be other entities in ceU-nuclei 
besides chromosomes which also are spht and handed 
on indefinitely to descendants These might possibly 
bear the character-determinmg units whose existence 
was suggested by Mendel’s experiments, but the remark- 
able precision of chromosomal behaviour m ceU-division 
suggests the umts are in the chromosomes The linka ge 
of several characters with the behaviour of one chromo- 
some is another strong indication that the umts are in 
the chromosomes rather than the other nuclear sub- 
stances subdivided in ceU-division. Then the change of 
distribution of the units when chromosomes are damaged, 
broken or displaced strongly confirms the existence of 
the umts of heredity, the genes m the chromosomes 

No one has seen genes Their existence is a deduction 
from the external behaviour of orgamsms. Perhaps in 
the future a new techmque wfil make theur position 
visible, as the position of electrons has been revealed 
by the Wilson apparatus and the position of atoms in 
crystals by X-ray analysis. 

The evidence for nearly all potent, simple scientific 
ideas is indirect. In the beginning it is almost entirely 
indirect and later more direct methods of demonstration 
are usually discovered. It is very important to remember 
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tins when reflecting on the nature of evolution m living 
orgamsms The simple pnnaples, if any, which influence 
the hfe of organisms are not to be expected to be directly 
evident in the externals of organi sms What could appear 
more obvious than that the life-experience of organisms 
must always affect the characters of their descendants ? 
If the orgamsm hves in good soil or a nch environment 
and fiounshes, having fine flowers and seeds if a plant, 
or brain and muscles if a man, will not its descendants 
tend to have fine flowers and seeds, or brains and 
muscles? The orgamsm has had the experience of 
these good things, has learnt the trick of them, and 
therefore can hand on the tnck to its descendants. 
An organism hvmg under bad conditions has not the 
opportumty of learmng the tnck of fine development, 
and therefore cannot bequeath it to its descendants. 
This attractive theory anses at once from consideration 
of the externals of organisms, their relative sizes and 
the easy perception of the qualities of their environ- 
ment. It does not, by the typical method of saence, 
proceed from obvious external generalities to obscure 
but simple internal particulanties. The ideological 
method of the theory that acquired characters can be 
inherited is not scientifically usual. How then do 
orgamsms evolve into more comphcated forms if they 
do not bequeath to their descendants the lessons learnt 
during life They evolve by virtue of changes in the 
nuclei of reproductive ceUs, i.e, by virtue of changes 
in a very small, and in comphcated organisms, sheltered 
part of the body. Any mfluence which is to affect the 
descendants of an organism must act upon its reproduc- 
tive cells. 

The explanation of the failure of acquired characters 
to be transrmtted is clear. The connection between, 
say, the brain or leg of an ammal and the sex-glands is 
not sufficiently intimate for the effects of development 
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units or particles of some kind having the power of 
determimng characters in orgamsms was first discovered 
by Abbe Mendel He showed that peas inhented many 
of their characters of colour and shape according to 
anthmetical rules. Evidently the pea contained a umt 
capable of conferrmg a certain character on itself or 
Its descendants. The visible entity in hving organisms 
which might contam the unit was most probably one of 
the chromosomes in the nuclei of cells, though this was 
unknown to Mendel, because chromosomes develop by 
sphtting and run through a whole species and do not 
die, as the body superstructure of brain and muscle 
tissue dies. There may be other entities in ceU-nuclei 
besides chromosomes which also are spht and handed 
on indefinitely to descendants These might possibly 
bear the character-determinmg units whose existence 
was suggested by Mendel’s experiments, but the remark- 
able precision of chromosomal behaviour m ceU-division 
suggests the umts are in the chromosomes The linka ge 
of several characters with the behaviour of one chromo- 
some is another strong indication that the umts are in 
the chromosomes rather than the other nuclear sub- 
stances subdivided in ceU-division. Then the change of 
distribution of the units when chromosomes are damaged, 
broken or displaced strongly confirms the existence of 
the umts of heredity, the genes m the chromosomes 

No one has seen genes Their existence is a deduction 
from the external behaviour of orgamsms. Perhaps in 
the future a new techmque wfil make theur position 
visible, as the position of electrons has been revealed 
by the Wilson apparatus and the position of atoms in 
crystals by X-ray analysis. 

The evidence for nearly all potent, simple scientific 
ideas is indirect. In the beginning it is almost entirely 
indirect and later more direct methods of demonstration 
are usually discovered. It is very important to remember 
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sometimes simplif3f it. What happens in a particular 
case will depend on the chemical and phj sical conditions 
obtaining at the time 

The process can be paralleled in a crude \\a\ from 
the facts of chemistry When the particles shot out 
from radium fall upon the simple gas methane, which 
IS a compound of carbon and hvdrogen, more comph- 
cated compounds of hydrogen and carbon are produced. 
When the particles fall on atoms of alumimum they 
disintegrate some of them into simpler atoms. Whether 
a gene becomes more comphcated or simpler and hence 
confers a more comphcated or simpler character on its 
earner appears, so far as w'e can see, to be purely a 
matter of chance, turmng on whether the rare forces 
capable of changing the constitution happen, when 
they do act, to build it up or break it down. Nothing 
that the organism does is hkely to affect the inhented 
character of its descendants one way or the other 
In the future this may not remain true, because the 
expenments of Harrison and Muller show that genes 
can be changed by forces under our control But even 
yet, the gene can only be changed in either direction, 
which direction is still entirely subject to chance. 

By the chance action of natural forces orgamsms are 
sometimes able to confer new charactenstics on their 
descendants Here is the motive pow'er behind evolu- 
tion* the natural forces between substances causing 
them sometimes to combme into comphcated compounds 
and at others to disintegrate Having seen how new 
characters are created by the interaction of natural, 
that IS, of chemical and physical forces, one can consider 
how the new characters are sorted out and what deter- 
mines that orgamsms carrying them should flounsh or 
dechne. All orgamsms have to hve in the world. They 
must collect food and guarantee their oflfspnng a fair 
chance of successful life. All of them are trying to do 
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these things at the same time. As the world is limited 
in space and in its larder resources, the orgamsms must 
find themselves competing for what is going. Those 
with characteristics most suitable for the achievement of 
success in this competition will do best for themselves 
and their descendants They and theirs will survive. 
If the chance action of chemical or physical forces should 
happen to change a gene and hence a charactenstic of 
one of them, its descendants will inhent this new 
character. If the new character is helpful, whether 
in the direction of comphcation or simplification, to 
the capacity of the organism for competing with its 
fellows, the descendants bearing it will be favoured in 
the struggle for existence. As a rule, an increase 
in comphcation of character and hence of subtlety in 
behaviour helps most to survival, and that is why 
orgamsms tend to evolve towards more comphcated 
types. 

In the experiments on the direct changing of gene- 
constitution, the new characters produced all seem to 
be handicaps to the normal orgamsm. So far, a new 
character defimtely beneficial to the race of orgamsms 
experimented upon has not been proved to have been 
produced. This is a senous gap in the proof of the 
theory, but then, the techmque of artificial mutation of 
genes is only a year or two old. In the future the 
technique may be improved so that definitely advanta- 
geous characters can be induced m races of all organisms, 
including man. Once the fine new characters are 
generated, natural selection will guarantee that they 
become dominant and gradually eliminate the older and 
less suitable types 

Evolution may be conceived as the history of matter 
whose chemical and physical properties compel it to 
combine into comphcated forms In the process of 
tune, the matter becomes sufficiently comphcated to 
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be able to reproduce itself Then its constitution is 
changed occasionally by the chance action of chemical 
and physical forces, and it unfolds itself as organisms 
with defimte characters which change occasionally. 
Natural selection determines which among the organ- 
isms IS best suited to the environment and which, there- 
fore, will become dominant 

These two principles, the tendency of matter to 
combine and disintegrate under the influence of chemical 
and physical forces, and the operation of natural 
selection, appear to be sufficient to account for e\ olution. 

The &st principle determines the incessant building 
up or dissolution of matter into new forms, the second 
determines which new forms shall survive. Movmg 
according to the regulation of these principles, some of 
the material of the Universe has passed through the 
forms of simple atoms and later through the compli- 
cated forms of humanity, the primaeval stuff of the 
Universe has evolved from itself to man In parts of 
the Umverse unknown to us it may have evolved into 
beings surpassing man. 


XXXTV 

PLANTS 

At an early stage in the evolution of orgamsms the two 
divergent methods of nutrition arose, one in the direction 
of improved methods of assimilation of simple chemical 
substances, the other in the direction of nutnlive para- 
sitism ; the first method leading to the evolution of plants, 
the other to the evolution of animals. 

A plant hves by assimilation of simple chemical 
substances It usually grows in soil on the surface of 
the earth The bulk of soil is a mixture of sand and 
stony powder and earthen dust with water, very different 
in nature from the material of the plant. A lettuce 
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appears differen-t from soil, it is green, soft, of about 
the same density as water and unsatisfying as a staple 
diet for man When dried it releases much water and 
when burnt turns black and finally leaves a httle ash. 
These w'ell-known facts indicate roughly that lettuces 
contain much water, some carbon and a trifle of soil- 
like material. The only material in the plant resembhng 
soil IS the small portion of ash. So the plant’s structure 
IS not made out of the material of the soil It is made 
out of carbon obtained from somewhere, and experiment 
shows the carbon comes from the carbon dioxide gas 
in the air. In fact, in the common sense of the term, the 
roots of plants are really m the air The nourishment 
comes from the air and is assimilated in those parts of 
the plants “rooted” in the air the leaves and stem The 
outgrowths, the so-caUed roots, are auxiliaries sent into 
strange regions to find water and small quantities of 
desirable salts If the air were opaque and the soil 
transparent to human vision, we should have a juster 
view of the functions of plant tops and roots We should 
then call what we now call the root, the top, and what is 
now called the top, the root. That the soil-roots of plants 
are a secondary development is fairly easy to see Simple 
cells do not have roots They begin to develop root-hke 
appendages when these would be useful for collecting 
desirable matenals, and when the cell has discovered an 
advantageous situation and would hke to stay there 
Later on, when the ceU had by its behaviour imphed the 
future human discovery of the notorious proverb “The 
roUing stone gathers no moss”, it grew extra-swiftly 
on the advantageous site. Problems of mechamcs arose, 
for the bulky orgamsm now subdivided into many cells 
required a secure system of moorage The roots evolved 
various mechamcal properties to fit them for their task. 

The word “root” is unfortunate in the science of 
plants. Its very sound and associations in common 
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Plate XXII 



(a) A human embryo a quarter of an inch long (f>)The same embiyo lemoved from its case, (Chatciman 

The slits in the neck conesponding to fish’s gills with the yolk-sac detached The large tail is (0 A veilical view, showing the head 
are present^ but fingers and toes have not yet prominent 

developed •S'ee page 216 
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^ to V A T.- ous Stores of the de\elopment of Ajn^/ rus lanccoiatjis (mostly 
aLer Hatscnek , //, y, A' and A modiiied after JMorcj m) A., the unbegmented 
o um , A, tne hr>^t two bla'^tomeres resulting from the iirst cle t\age , C, stage 
wita four equal blastomere'* , JS>, ei^lu cell stage consi'^ting of four smaller 
cells. (^iTim'*omere'i) abo%e and four larger cells (macronieres) below, A, Sixteen 
cell st-’ge , A, oDLical section of thnt\ two cell stage showing the segmentation 
cavitN or blastociele, opening to tne exterior abos e and below , G, a later stage, 
the blastoc _le completely, closed in, //, a bH'jtula shortly before invagination, 
y, cumrmncement of invagination of the larger granular cells of the lower 
po^e , A, gastrula, VMth widelv open blastopore. A, later gastrula in which 
the bkstoDore has been narrowed by the folding together of the walls j 
J/j emorjo with neural plate and commencing neurenteric canal ac/i.^ 
arcaenteron , I , bla',tocnele , hf» blastopore, epiblast , hypoblast, 

micromerc^ , 7/ macromeres , 7 ec^ neurenteric caral, np, neural plate, 
p '^3 polar botlie-, 

See page 217 {Bourne, Haldane & Huxley > 
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{a) Dog standing m two pots of salt w ater, mica the 

electric currents produced by its heart are led off along the wires 
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(Z?) An X-ray snapshot (ith second) 
of the chest of a girl of fourteen, 
showing the lungs, heart and 
diaphragm. 
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(a) The upper picture is of an axolotl which lives in water 
The lower of the same animal transformed into a land 
salamander by one meal of thyroid gland 


Sae page 296 
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(b) When an electric shock is brought into the 
forehead, some of the current will run through 
the retina at the back of the eye and stimulate 
the sensitive endings of the fibres of the optic 
nerve These send messages to the brain, 
which It interprets as “light” and the subject 
“sees” a flash 
See page 311 
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expression m the chimpanzee loni described by analogy with human expression, 



PLANTS 


257 


usage imply fundamentality, “the root 'of all e-vil”, 
“Aryan roots”, etc , but the essential activity of a plant 
IS in the top, not m the roots The cells in the tops of 
plants are able to assimilate the carbonaceous material 
from the air needed for the plant’s body -structure Out 
of the carbon compounds assimilated from the air, 
water, and a seasoning of salts the plant-machine con- 
structs Its own tissue Now if you take portions of these 



three simple substances and mix them together in a test- 
tube nothing, or almost nothing, happens. Certainly 
the substances do not bum together and release heat, 
as air and coal in a furnace, or food and oxygen in the 
digestive and nutntive system of an ammal 
The plant seems to build itself up out of substances 
which appear as the products of combustion, for carbon 
dioxide and water are found in the flues of furnaces and 
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m the respired breath of animals Thus the pr ima ry 
energy plants use in building themsehes cannot come 
from the interaction of the substances they assimilate 
Plants do not use solid, liquid or gaseous fuel for their 
fundamental processes, and the source of their energy 
IS not similar to that of a locomotive, ocean liner, gas- 
engine or animal What kind of fuel do they use 
One similar to the fuel required to activate the receiving 
apparatus of a radio-set ether waves. 

Plants obtain their energy for the activities of life 
from those ether waves known as visible light they 
are a form of solar engine Somehow the sunlight 
faUing on plant-tops assists the carbon dioxide from 
the air, and water and salts brought up with it from 
the roots, to combine mto comphcated substances 
which then react among themselves to produce the 
livmg material capable of self-reproduction. In this 
secondary activity, the plant works like a heat-engme, 
by oxidation of the substances synthesised by sunhght 
Examination of cells of plant-tops reveals that they 
have tv/o prominent features not seen in simple animal 
cells Every plant ceU has a strong case of fibrous 
substance, so-called cellulose. The collocation of cell- 
cases gives plant-structures their rigidity (fig. 104) 
The other notable feature is the group of green oval 
objects in each cell, called the plastids These httle 
lumps lend their colour to the whole cell, and in fact 
are responsible for the green appearance of the plant 
Most of the tissue of plants is transparent, but the 
milli ons of plastids confer on it a umform green, as a 
mass of green-fly cause a brown rose-twig, as peas in a 
bottle of water cause it to appear green 

If the plastids are absent the plant-cell is unable to 
utihse the energy of sunhght for building up complex 
out of simple substances They contain substances 
intermedianly essential in the synthesis, and responsible 
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for the green colour, called chlorophjIL Sunlight is 
able to deconpn >e carbon dioxide, hence a ceil contain- 
ing cMoroph}!! plast.ds is the scene of the separation of 
carbon and oxvgen The carbon is combined into 
carbohydrates and other complex subsiances and these 
are oxidised to form the In mg protopiasm of the cell, 
while the oxygen is mainly returned to the air Hence 
in sunlight wnen their fundamental synthetic activity 
IS m progress, plants emit oxygen 

In the dark only their secondary reactions occur, 
the oxidising of the products of the synthesis into 
protoplasm Here the synthesised substances are used 
as fuel in an engine and release the usual product of 
combustion, carbon dioxide In the dark the plant 
w'orks more like an ammal, h\ing on substances made 
by a plant, in this case itself, during sunshine hours. 

The chemical composition of chlorophyll is com- 
phcated and obscure It contains at least four sub- 
stances, two of them green, one yellow, and one red 
The latter is the substance responsible for the colour of 
carrots and is called carotin It is also the pigment 
w’hich causes salmon to be pink Willstatter has shown 
that magnesium is the only metal present m chlorophyll. 

Sunlight with the assistance of chlorophyll seems to 
be able to synthesise cane-sugar out of water and 
starch, dioxide This sugar is transformed into carbon 
the foundation of cellulose, the material of the plant- 
skeleton. 

Von Baeyer suggested sixty years ago that sunlight 
can change carbon dioxide and water into formaldehyde 
(the weU-known preservative commonly called “form- 
aim”) and oxygen. In chemical symbols the change 
is: — 

C O 2 -}- Ha O = C Ha O 0" 
[Carbon dioxide] (Water) (Formaldehyde) (Oxygen) 
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This reaction, though not yet estabhshed, would 
-explain the origin of the oxygen emitted by plants 
during the daytime Formaldehyde has the character- 
istic property of many carbon compounds of bemg 
able to combine with itself into new and more com- 
plicated substances. For instance, six of its molecules 
can combine into a molecule of glucose sugar Hence 
the formaldehyde may be supposed to budd up into 
sugar accordmg to the formulae 

6 C Ha O = Ce Hia Oe 

(six molecules of formaldehyde) (one molecule of glucose) 

The glucose molecules repeat the recombmation 
trick, and build up a starch or cellulose molecule, shed- 
ding some water 

n Cs Hi 2 Oe == (Cs Hio O3) n -bn Ha O 
(large number of (one large starch or (water) 

glucose molecules) glucose molecule) 

molecules by the way This process of changmg con- 
stitution by emitting water-molecules and is called 
condensation. The starch-hke products of the synthesis 
are then used as ordinary fuel-food for keeping the 
protoplasmic cell-engines going. Dunng the daytime 
the plant manufactures and stores starch and in the 
mght the reserve is drawn upon, so the amount in leaves 
is less in the morning than in the evemng 
All hving orgamsms, with only one or two bactenal 
exceptions, depend on plants for the supply of carbo- 
hydrates, fats, and other comphcated substances 
necessary to life. The plant transfers the energy of 
sunhght into chemical substances which act as energy- 
storage batteries, ready to break down and combine 
with oxygen and release energy in a form protoplasm 
can employ. Animals by eating plants steal these 
substances from them while plants devoid of chloro- 
phyll must also steal them Fungi flounsh on other 
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orcarasras b\ sucking froiTi them the jaices containing 
the products of plant sunhrht-SNUthesjS 

Chloroph} Vi occup.es a strategic position in the evolu- 
tion of life It works m conjunction with visible light. 

In an earlier chapter it was evp’ained that for a 
star of the Sun's temperature ircsl of its energv must 
be emitted by waves of a certain length If the star 
were hotter, the waves would be shorter and bluer, 
and if cooler, longer and redder At present most of 
the Sun’s energy is emitted in the band of waves visible 
as hght. Orgamsms have evolved adapted to their 
environment, one of the chief factors in that is the 
band of waves the Sun happens to be using most for 
shining with at the time, and that is why plants through 
chlorophyll can employ visible light, and why our eyes 
happen to be sensitive to the predommant band of 
ether waves emitted by the Sun 

If the Sun had been bluer or redder, not chlorophyll 
but other substances would probably have been evolved 
to perform the chlorophylline task. The Earth is not 
old enough to have known the Sun m the bluer days of 
its youth, if it were, its fossils might have shown traces 
perhaps of the effects of an earher analogue, more 
sensitive than present chlorophyll to blue hght. The 
fact that such evidence as there is indicates the pnmal 
synthesis has always been made by chlorophyll suggests 
the evolution of life has occurred m an astronomically 
short time, in which the Sun has not had sufficient time 
to have much changed the selection of rays with which 
It shines 

Recently Keilin has demonstrated the existence of 
a substance common to all hvmg cells, plants and 
ammals Cytochrome appears to have a fundamental 
part in the utihsation of oxygen by protoplasm, and 
has similarities with chlorophyll. A knowledge of the 
properties of a substance common to all orgamsms may 
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indicate the nature of the material from which the 
earliest hving organisms evolved 

Since plants derive their energy from sunhght they 
try (speaking anthropomorphicall>) to catch as much of 
it as possible They try to have a maximum area and 
to present it always to the hght. Consequently they 
tend to have multiple broad and thin parts called leaves 
Since on the average one place is as hght as another a 
plant has no advantage in moving sideways. Roughly, 
it wdl find as much hght in one place as another. The 
requirements of an animal are not for hght but for the 
products of hght : the tissues of plants and other animals 
When the animal has eaten the supphes it finds in one 
place. It must go to another, it must move horizontally, 
as it is seekmg solids, rather than hght The plant 
has to compete with others for its place in the sun and 
does so by growing tall or spreading its leaves over its 
competitors. Thus trees grow upwards to catch the 
hght, and as the vertical is their chief direction of move- 
ment they grow upwards relatively quickly. Plants 
usually grow much more quickly than animals, and tend 
to be heavier since they require to move m one direction 
only and do not have to run about For instance, the 
heaviest hvmg things are the Cahfomian Big Trees, 
weighing about one thousand tons, while the largest 
animals, whales, weigh about one hundred tons. Not 
requiring to move sideways plants have not evolved the 
deUcate system of co-ordination necessary to accurate 
swift movement, and have no control centre for activ- 
ity, no bram Theirs is the perfect sun-bathing 
structure. 

Some plants have avoided the labour of struggling 
towards the hght by squatting on the tops of other 
plants and sending their roots mto their host’s tissue 
for the supplies of mineral salts normally sucked up 
from the ground. The mistletoe is an example 
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Since light controls the growth and hence the structure 
of plants, variation in light suppl> should presumably 
affect plant-structure profoundly. Blakeslee, East and 
Clausen in Amenca. Maximow in Russia and Tincker 
in England hate obtained interesting results by sub- 
mitting plants to dayhght periods of abnormal length. 
Tincker adopted the very simple techmque of running 
plants growing m pots in and out of a dark shed for only 
SIX, nine, or other penods of daylight hours per diem. 
Under these conditions, a bean plant normally growing 
to a height of several inches turned into a rosette of 
leates. Its root fattened out hke a small carrot, and 
proved to be edible ! A new vegetable dish had been 
mvented. Perhaps new plant products of commercial 
importance wiU be produced one day by the exploitation 
of this techmque. 


XXXV 

LIVING MACHINERY 

Single hvmg cells perform all the necessary functions of 
hvmg orgamsms, nounshmg themselves, leading an 
active life, and reproducing. They nourish themselves 
for two purposes, to build up their structure and to 
obtain the energy for articulating that structure. They 
act m order to nourish themselves better, and reproduce 
in order to guarantee the persistence of their race. 

In multicellular orgamsms there is a tendency to 
particularisation of functions. The nutrition of all the 
cells IS assisted by special activities of a few. The 
waste products of the consumption of food by aU 
the cells are extruded mto general channels of exit m the 
body ; carbon compounds from all the cells are carried 
to the lungs and expired as carbon dioxide through the 
mouth, and waste sohds are discharged especially through 
one end of the alimentary canal. Rapid action is 
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guaranteed by special sets of cells called muscles, and the 
co-ordination of action by nerves 

A cell in the muscle of a man’s leg requires food, 
oxygen for combination with the food m order to release 
energy to keep the cell going, and to supply it with 
energy when it is called upon to do work, and the 
removal of waste liquid, gaseous and solid matter. All 
other livmg cells in the body require these supplies or 
perform these functions when buried away in a leg or a 
brain or a stomach wall In these enclosed positions 
they cannot directly exchange their requirements with 
the outside world, as a single-celled amoeba can take m 
food and exude waste products directly through its skm 
mto the sea in which it hves The problem has been 
solved by arranging that organisms should be able to 
carry their own sea with them. Every hvmg cell in the 
body IS bathed in a stream of fluid From this fluid it 
derives food and water and oxygen , into it it exudes waste 
gases, hquids and dissolved sohds That the fluid is 
evolutionanly related to sea-water is suggested by its 
composition. The chemicals dissolved in it are similar 
in selection and roughly in proportion to those found 
m sea-water Evidently the separate cells of which 
comphcated organisms are composed have not been 
able to evolve themselves very far beyond the stage 
their ancestors achieved in the sea. They have not 
found another and better way of hving than being sur- 
rounded by a sea-hke fluid Individual cells seem to 
have come to something of a stop in the evolution of 
ceU-mechanism For instance, they have not evolved 
into balls of self-reproducmg flame, or self-acting electric 
dynamos made of metal, or stable hvmg interactions of 
gases at low temperature and pressure Not having 
evolved mechamsms of these kmds, cells and hence laige 
conglomerations of cells such as men, cannot hve in 
flames, or pioneer stellar space. Cells have not evolved 
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with the appropriate properties, and ha\e been narrowly 
restricted to a t)pe of food, water and ox>gen mechanism 
so specialised that orgamsms made of them often do 
not easily accommodate themsehes to so relatively 
similar environments as Arctic and Tropic climates. 
Eddington has estimated the average temperature of 
matter in the Universe to be 15,000" C. The range of 
active life is between 21 y and 373^ absolute, i e , between 
0" and 100" C , the freezing and boding points of water. 

Cells have become organised into the higher orgamsms 
not only by change and improvement of cell-mechanism, 
but also by co-operation and specialisation Life seems 
to have decided to entrust future ev olution to the develop- 
ment of organisation rather than radical self-improve- 
ment or development enabling it to live in stars at 
10,000,000° C or in cosmic space at — 272° C. 

This conservative tendenc> is shown in the higher 
organisms taking a sea-hke environment along with 
them, for all cells are streamed by the blood, and the 
ammal’s skin keeps the blood from flowing awa> The 
blood carries food and oxygen to the cell, and bears 
away waste products m the form of carbon compounds 
and urea. 


XXXVI 

BLOOD AS AN OXYGEN DISTRIBUTOR 

Single cells hving m water derive their necessary oxygen 
from that dissolved in the water. The dissolved oxygen 
passes through their skin In the lower orgamsms such 
as jelly-fishes, oxygen is obtained also through the skin. 
Even a resting frog can hve if it is able to get oxygen 
only through its skm. An inactive orgamsm not requir- 
ing a rapid production of energy does not require a 
prohfic supply of oxygen. The small quantity dissolved 
in water is sufficient if the orgamsm has the time to wait 



266 AN OUTLINE OF THE UNIVERSE 

for the v/ater to dissolve fresh oxygen from the air as 
fast as the dissolved oxygen is removed The slight 
solubihty of oxygen in water places a cripphng brake on 
the utilisation of water-borne oxygen for respiration, 
since two hundred volumes of water will dissolve only 
two volumes of oxygen Evidently an active inner body- 
cell would require a very copious stream of water if it 
had to depend only on water-dissolved oxygen. This 
great bulk of water would in turn impede the organism 
and make it clumsy. For active cells the serving fluid 
should be a vastly better solvent or absorbent of oxygen 
than pure water, and accordingly, in the higher organ- 
isms It is. Blood absorbs forty times as much oxygen 
as an equal volume of water. 

Consequently, the human heart is forty times smaller, 
or beats forty times less quickly than it would have to 
do if blood absorbed oxygen no better than water. 

The increase of oxygen-absorbing power in blood is 
due to an interesting example of cell specialisation A 
certain race of cells evolved the art of manufacturing 
a pecuhar iron compound capable of combinmg with 
oxygen very easily. The cells developed a disc-hke 
shape so that the largest possible area of this compound 
was exposable to oxygen, and were multiphed in very 
large numbers. Their earher cell-structure has degen- 
erated and now in mammals contains no nucleus, so 
the mammalian red-blood corpuscle is not wholly alive. 
The red colour is due to the oxygen-absorbing substance 
haemoglobin. A normal man probably contains 
20,000,000,000,000 red-blood corpuscles and their area 
IS probably about 1,500 times the surface of his body 
Thus the blood contams about one-third of an acre of 
haemoglobin surface for deahng with oxygen. The 
inner cells are provided with oxygen by the blood carrying 
to their supphes of oxygen-loaded corpuscles. After 
releasing the oxygen for the cells the corpuscles have 
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to move on, deprived of their oxygen load, to make 
way for the corpuscles approaching from behind The 
blood has to be kept m circulation. An organism 
possessing an oxygen-carrying blood-stream requires 
a pumping mechamsm, and this is provided by the 
heart. 

Fundamentally the heart is a muscular elastic en- 
largement m the blood pipe-system, which subjects the 
passing stream to systematic squeezing to make it go 



Fig 105 Schematic Diagram of Blood Circulatory System 

through all the pipes. The arrangement is shown 
schematically in fig. 105. The blood amves at the body- 
cells charged with oxygen and free from waste carbon 
products. The cells abstract the oxygen-charge and 
discharge the cell-waste into the stream of stale blood, 
which flows on to the heart, to be pumped through 
the pipes of the blood-line exposed in the lungs These 
tiny pipes, called capillaries, are so small and their walls 
so thm that carbon compounds can easily pass through 
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them from their contained bquid, and oxygen easily pass 
from the air in the lungs through the pipe-walls on to the 
haemoglobin layers of the blood-corpuscles. The 
transferences of oxjgen, and wastes at the cells, are also 
done through the walls of small capillary pipes The 
blood pipe-s\stem has two regions of multiple construc- 
tion, w’here the pipes are gomg through lungs, and by 
ceils They split up into a vast number of fine-bored 
branches. Fluids flow through fine-bore tubes less 
quickly than through large tubes due to the increased 
effects of viscosity or stickiness of the fluid, and friction. 
The heart has to dnve the blood-stream with considerable 
power to cause it to pass through the vanous capillary 
restnctions at a reasonable pace If there were no 
capillanes nothing more than a gentle urging would be 
necessary The heart actually pumps the blood out of 
itself at a pressure of about five and a half feet of water, 
which means that the blood from a punctured artery 
would spun five and a half feet up into the air In the 
large artenes near the heart the blood flows at a speed 
approaching two feet per second, while in the capiUanes, 
the speed drops to about one-fifth of an inch per second 
When people stand very stiU for some time they tend 
to famt, as soldiers on parade without proper “stand 
easy” pauses. This is due to the accumulation of blood 
in the veins of the legs and the consequent deprivation 
of the brain’s supply of blood. As soon as the man 
moves, his veins are stretched again and the blood- 
circulation rate improves. 

The obstruction of the capillaries m the lungs and 
bod3'-tissue causes the blood which has passed through 
them to ooze onwards slowly Consequently, the 
pipes conducting blood away from the scenes of chemical 
change contam slow-moving blood and are called veins , 
the pipes bearing the blood under pressure from the 
heart to the scenes of chemical change are called arteries 
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Plain haemoglobin is purple m colour, and red when 
combined with oxygen Consequently the blood in 
\eins IS purple and that in arteries red The oxygen 
drawn from the haemoglobin for use m the cells is 
used partly for burning carbon compounds in order 
to provide energy for the cell and substances for its 
structure. The carbon dioxide formed m the process 
IS partly dissolved as a gas m the blood, but mainly 
earned in solution as a compound with sodium, sodium 
bicarbonate. In the lungs the dissohed sodium bi- 
carbonate IS decomposed and carbon dioxide released, 
and so the carbon dioxide of the expired breath is pro- 
duced. 


XXXVII 

BLOOD AS A FOOD DISTRIBUTOR 

Western peoples take three or four meals a day The 
time consumed in sitting at table and masticating 
amounts to about one-eighth of human life and one- 
fifth of the species’ waking hours Yet chewing is the 
simplest and trivialest part of digestion The really 
intricate and senous part of the mechamsm of digestion 
is performed subconsciously by healthy organisms. 

The progress of civilisation does not seem to have 
revealed these facts clearly, since material prospenty 
has probably caused over-eatmg to be commoner 
to-day than in the past The abundance of food gives 
gluttony the opportunity, and bored prosperous people 
often relapse into eating for the sake of something to 
do. In any large restaurant those are always to be 
seen who make eating a substitute for conversation. 
Yet conversation is probably the most important part 
of meals. The social exercise of the mind under con- 
ditions preventing serious mental concentration and 
responsibihty is one of the most delightful and valuable 
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oi numaa activities. - Eattcrg becomes less and less the 
real business of meals as the preparation of food becomes 
more complex and scientific In the future the minor 
activities of chewing and masticating will be done in 
the kitchen for those without conversation and who 
wish to rush straight from the office to the card-table 
Food masticated in the human mouth is broken into 
pieces and muced up with saliva. This makes it easy to 
sw'allow. A mouthful of shppery well-masticated food 
reaches the stomach in a few seconds, while a rough 
tablet may take a quarter of an hour. Three pairs of 
glands exude the sahva through ducts into the mouth, 
one pair being those subject to the inflammation called 
mumps The saliva also commences the disintegration 
of the food mto substances the cells of the body can 
reabsorb. This chemical dismantling is achieved through 
auxihary substances called enzymes. Their function is 
similar to that of a catalyst, something which enables 
two substances to react together without being per- 
manently changed itself, as if it were a link or pipe 
which enabled fuel to pass from the bunkers to the 
furnace. The molecules of the catalyst pass, as it were, 
mto the bunker and seize molecules of fuel and bring 
them into the furnace where they can react with oxygen 
and release energy. But the fuel-molecules could not 
without the exchanging help of the enzyme molecule 
have passed from the bunker to the furnace. Sahva’s 
particular enzyme is called ptyahn and disintegrates 
starchy material into a sugar of simple molecular 
structure. The chemical disintegration of food has 
commenced already in the mouth, but has not proceeded 
far. If man could synthesise ptyalin, suitable quantities 
of It could be mixed with thoroughly crushed food so 
that the necessity for mastication would have been 
ehmmated. After swallowing, the mouthful arrives in 
the stomach and is thoroughly squeezed, and attacked 
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b> several more enzymes and f'-ee hvdrochlonc acid. 
The starch}, parts of the mouthful are disintegrated 
further into simple sugars, while the enzyme pepsin m 
the presence of an acid causes the Sesh\ parts, the 
proteins, to disintegrate into Simpler molecules of the 
same type The fatty parts of the mouthful are not 
affected much b} chewing and stomaching. 

After from one to four hours of squeezing and enz>me- 
attack a meal is discharged in squirts into the beginning 
of the intestine, w'hose first part has a surface covered 
with httle piles, like a very fine mdia-ruboer mat. The 
unevenness enormously increases the surface area, for 
if the small intestine were smooth its area w ould be only 
about five square feet, but with the unevenness it is 
increased to about 50 square feet The products of the 
stomaching by acid and enz}’me are spread over and over 
this 50 square feet of absorbent surface, which absorbs 
many of the simpler products of the disintegration of the 
food as if it were a piece of super-blotting paper. The 
already battered food from the stomach is engaged, as 
it were, on a very much extended front No sooner is it 
in the smaller intestine than it experiences a very powerful 
attack from the rear. Just by the hole through which it 
passed from the stomach are two smaller holes, the ducts 
from the hver and the pancreas. These glands pour more 
disintegrating substances on to the half-disintegrated 
material The hver produces bile which causes the still- 
unchanged fat to be dispersed mto a milky cloud of 
fine particles. This operation enormously increases the 
area of the fat, for a given weight of substance has an 
immensely greater area when finely subdivided. The 
area of the fat having been greatly increased, it is the 
more easily attacked by the enxyme from the pancreas 
which has the abihty of taking complicated molecules 
of fat to pieces In many of these reactions the promin- 
ence of surface-increases is noticeable Evidently living 
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processes much employ the properties of surfaces in 
achie\ing the \itai mechamsm, and this hint suggests 
that in the cell, v.here comparatively so httle is to be 
seen, much happens at imisible surfaces A deeper 
knowledge of cell-niechanism would seem to depend on 
the in\ention of a techmque capable of determining the 
position and activities of these speculated surfaces. 
When the bile-duct is blocked, as in jaundice, the patient 
cannot digest pieces of fat such as suet because there 
is no bile available to disperse it He can digest the fat 
in milk because that is aheady dispersed in fine droplets. 
The bile contains pigments made out of the haemoglobm 
from worn-out red-blood corpuscles This colourmg 
matter causes faeces to have the yellow colour In 
jaundice the bile-duct is closed and the patient’s faeces 
are white The bde-pigments escape into the tissues, 
which consequently become yeUow, 

As a consequence of the actions of the acid and juices 
m the stomach, and the alkaline juices in the small 
intestine, the large molecules of matenal m food are 
dismtegrated into smaller molecules. These consequently 
can pass more easily through membranes, and most of 
them penetrate the surface of the intestine and collect 
in the vems running from the intestine to the hver The 
fat molecules are disintegrated into glycerine and fatty 
acids and the latter combine with sodium to form soap- 
hke substances, and are dehvered ultimately into the 
jugular vein in the neck. 

A heavy meal of fat may cause the blood to have a 
milky appearance. After the disintegrated food passes 
through the surface of the small mtestme it has to go to 
the liver, for the veins proceed there. In the hver the 
various disintegration products are sorted out, sugars 
being stored mainly on the spot, or converted into fat 
for stonng elsewhere Ammoma from the disintegration 
of proteins is converted into urea by combination with 
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carbon dioxide If a person has an excessivelv large 
meal of meat his li\er ma\ be unable to cope with the 
excess of ammonia produced in digestion, and this max 
pass into the blood and reach the brain, causing con- 
vulsions 

The small intestine prettx well absorbs out all the 
useful products of digestixe disintegration and passes 
most of them on to the liver Those it can do nothing 
with are pushed into the large intestine The surface of 
the large intestine absorbs mainlv water from the debns 
and is convenient rather than necessan,. Persons v^hose 
large intestines have been removed often lead healthy 
and active hves The organ is something of a relic from 
the stages of evolution when man’s ancestors lived on 
coarser food and had to digest umnviting food such 
as woody fibres and dried skins such as leather, 
which mice can hve on to-day when they are pushed 
to It 

Organisms are rather like those architects who buy 
old buildings, disintegrate them into beams, bncks, and 
tiles, and integrate the materials mto a new building 
sometimes more, sometimes less elegant than the 
original. The process seems inefficient. Plants and 
ammals have to build up very comphcated substances 
and humans take these substances and disintegrate 
them before incorporating the parts into their own 
bodies Why could not man receive the comparatively 
simple sugars, fats and amino-acids directly into his 
blood-stream and cut out digestion altogether ? If 
these could be synthesised doses of them could be 
injected directly into the blood As they are the simpler 
substances of their kmd, synthesis of them in the labora- 
tory is not beyond hope. 

The blood derives its supphes of sugar, fat and amino- 
acids from the intestine mainly through the hver, and 
distnbutes them to the cells of the body for utihsation 



2~4 AN OUTLINE OF THE UNTVERSE 

as fuel to supph the energy required for action and 
for the increase and repair of the stuff of the body. 


XXXV m 

THE BLOOD-STREAM AS SEWER 

The blood carnes dissohed food from the liver 
to the \arious cells of the body and bears away from the 
cells the waste products of their activity The carbon 
dioxide made in the cell by the oxidation of carbon 
compounds is earned in the blood mostly in the form of 
sodium carbonate to the lungs, where it effervesces from 
the blood through the thin walls of the capillaries and 
thence is respired in the breath. Some moisture is earned 
away also, since the breath is damp. The sohd and hquid 
waste products such as urea, unc acid and some sulphunc 
and phosphoric acids, are carried away from the cells 
in the veins. They have to be removed before the blood 
is re-charged with food-substances by the liver and 
re-ox>genated in the lungs, and again pumped by the 
heart to supply the cells with oxygen and food. 

The punf>ing is done chiefly by the kidney organs. 
The hver also performs a purifying function when it 
deals with the disintegrated food molecules dehvered 
to it from the small mtestme, for not all of the molecules 
are suitable for food and some require to be changed 
before the kidney can remove them from the blood. The 
ammonia is changed to urea by the hver, and dehvered 
back mto the blood-stream. The kidney, which cannot 
deal with ammoma, has no difficulty in separating out 
the urea. Other dangerous substances transformed by 
the hver are indol and skatol These are produced in the 
intestme by bactena. The liver seizes and transfixes 
them into a compoimd the kidney can deal with easily- 
It has been mentioned that the hver collects the break- 
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down products of red-blood corpuscles and emits them 
in the bile and hence into the bowels. Various organs 
not primarily concerned in punf\ing the blood and acting 
as sewage disposal plants assist as minor sanitars officers 
The sahsary glands, for instance, excrete molecules of 
potassium sulphocynate the hver has manufactured out 
of prussic acid treacherously dehvered into the blood as 
a cell waste product. Sweat glands are chiefly concerned 
in the regulation of the temperature of the bodj, but 
they also excrete urea and excess water and a httle 
salt from the blood The large intestine passes difficultly 
soluble substances such as phosphate of lime from the 
blood-stream through its walls, saving the kidnejs from 


Sicod STrea/n 


o 

o 

o 




Tube 
To Bladder 


Fig 106 


the nsk of being choked by crystals of this easily deposited 
material. 

The kidneys are the main purifiers and regulators of 
the composition of the blood. Essentially they are 
bundles of fine tubes inserted in the blood-stream In 
man each kidney contains about a milhon of these little 
tubes. The number implies that their surface area is 
great, so that large quantities of blood can be strained 
through the tube-walls in a short time. Once more the 
importance of surfaces in hvmg organisms is manifest. 
The walls of the tubes are adapted to keep the composi- 
tion of the fluid on one side of them constantly to a 
fixed recipe ; if the composition changes then constituents 
are taken out altogether, or altered in proportion until 
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the correct composition is restored The molecules 
coming through the walls of the kidney tubes are drained 
awa> to the bladder As they are not of the largest size, 
the] do not contain red-blood corpuscles or the large 
molecules operant in the clotting of blood Being free of 
red corpuscles the urine collecting in the bladder is not 
red The rejected liquid in a healthy person is mainly 
water, about 96 per cent, by weight About 2 per cent 
15 urea, and about 1 per cent is common salt and 1 per 
cent other substance including uric acid The kidneys 
can deal with substances m dilute solution only, conse- 
quently they excrete a large amount of water. When the 
unc acid is not entirely removed m the urine it tends 
to accumulate in the subject’s j'oints. The crystals 
give his tissues sharp pricks, the excruciatmg pains of 
gout. Deposited unc acid is not easily removed, though 
some preparations are said to dissolve them. Electncal 
treatment often helps The patient places his feet in 
water and a currect of electncity is sent through his legs 
into the water. The unc acid lomsed molecules pass 
slowly through the skm into the water if the current is 
sent in the nght direction, and the water becomes acid 
from the crystals dissolved and moved from the gouty 
joints. 

Failure to dispose of matenal removed from the blood 
sometimes causes deposits of sohds to accumulate in 
the kidney, producing the unpleasant stones which later 
come loose and reach the bladder, giving the patient 
much pain while being voided. They are composed 
mainly of calcium oxalate. 

In hot weather, when sweat removes much water 
from the blood, the percentage of salt in the unne 
increases. 

In extreme exercise, such as hewmg coal in a deep hot 
mine, sweating is so copious that appreciable quantities 
of salt as well as water are exuded through the skm. 
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The salt content of the urine then decreases The miner 
develops a tremendous thirst and sometimes drinks so 
much water that his blood is senoush diluted in salt 
content, e\en though the kidnejs are not remo\inu salt 
The kidnejs then rapidlj remo\e a large quantit\ of 
water from the blood, and the urine is almost pure 
water Even this rapid reduction of water content and 
hence increase in salt concentration in the blood is not 
sufficient to restore the normal blood composition Then 
the miner sometimes gets abdominal cramp, which can 
be cured by drinking shghtly salty water. Apparently 
miners and other heavy sweaters have found this out for 
themselves, since Cornish tm-miners eat much salted 
fish, Yorkshire miners consume famous Yorkshire 
salted hams, other miners take salt in their beer, and the 
importance of salt to Oriental coolies is well known 
Extreme sweating evidently overtaxes the ability of the 
kidneys 

The concentration of the other substances m the blood 
IS regulated in a similar way If there is too much sugar 
in the blood the sugar content of the urine increases. 
In diabetes the patient’s pancreas has partially broken 
down and fails to regulate the sugar-production, so an 
excess of sugar appears in the unne 

If insuhn is injected into the patient’s blood-stream, 
It reduces the sugar content, and the excess is eliminated 
Alternatively, the patient may be fed on foods con- 
taimng no sugar nor matenals from which the hver can 
synthesise excess of sugar 

The kidneys have very actively to control the rate of 
solutions passing through their tube-walls, sometimes 
holding back molecules and sometimes thrusting them 
through to restore the blood constitution rapidly. 
Weight for weight the kidneys work harder than the 
heart, and consume a greater proportion of energy 
and so have a greater rate of oxygen consumption. 
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When hard pressed they can increase their fraction 
of a horse-power, like the heart, by three or four 
times. 


xxxrx 

ATHLETIC CELLS 

The collections of cells specialising in movement are 
called muscles. Each cell of a muscle has the property 
of being able to change its shape rapidly, and when all 
of the cells are stimulated to change their shape at once 
the muscle they constitute changes its shape and tugs 
anything to which it is attached. In (a) there is a 
schematic diagram of the bones, muscle and tendons of 
an outstretched arm In (b) a representation of the arm 
bent The muscle has contracted. The four quarters 
of the muscle have changed in shape from rectangular 
blocks to cubes When the muscle is divided into its 



individual cells, a corresponding difference of shape in 
the cells before and after contraction is noticed 
About half of the total weight of the human body is 
contributed by the muscles, and they contain milhons 
of cells. One of the reasons why nature has not been 
able to evolve large single cell orgamsms but only 
large conglomerations of small cells is suggested par- 
ticularly by a consideration of muscle-cells These 
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ha%e to change their shape quickly. Rapid movements 
cause great strains in large objects, so there is a limi t 
to the speed v.ith which large objects can be moved. 
Professor A. V Hill has illustrated the point b> consider- 
ing what happens if a long glass rod is shaken in the hand. 
It snaps off A rod of quarter the length and thickness 
may be shaken \ery much faster before it snaps. In 
practice, a compromise must be made between speed of 
movement and habihty to break into bits, and nature has 
observed the compromise very well An e>elid may be 
winked much faster than a punch ma>' be delivered 
because it is smaller than a fist and does not develop 
such large internal strams if accelerated at any speed. 
The wmgs of some insects beat about three hundred 
times a second, while a galloping elephant may take 
more than one second to move a leg If an elephant’s 
leg were moved backv/ards and forwards as rapidly 
as a hornet’s wing it would be shattered. The beginning 
of this effect may be seen in the results of excessive 
exercise in men. They feel stiff and sore afterwards, 
which is probably due to teanng of the muscle cells, 
and may possibly tear whole groups of cells, in which 
case they have “torn a muscle” or ruptured themselves 
Sometimes the strain on the tendon joining the muscle 
to the bone is so great that a piece of the bone comes 
away with it. Then the muscle and tendon have shown a 
greater gross tensile strength than the bone. 

It is not always necessary for muscles to act quickly 
Those in the outside of the body, which move or assist 
to move It about in space and in competition with other 
ammals are specially developed for speed. Movements 
of legs and hands specially require to be quick. Muscles 
inside the body are not so directly subject to competition 
For instance, the muscles of the stomach do not have to 
compete in the race for food with the muscles of other 
people’s stomachs. Once they contain food they have 
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It at their mercy and can take their time over dealing 
with it Their speed of movement need be no greater 
than is necessary to supply food as quickly as the 
cells of the body can assimilate it If the stomach muscles 
and the digestive processes worked so quickly that a 
large meal could be digested in one mmute, the body- 
cells would suddenly have food flung at them and be 
choked Muscles therefore can be divided into two 
classes, those which may have to work at maximum 
speed and those which work at leisure. Nature has 
developed their constituent cells differently The first 
sort, such as the muscles in a leg, are of fibrous appear- 
ance and made of millions of long thin cells capable of 
clianging their length very quickly, while the other sort 
such as the muscles which operate the intestmes is 
made of shorter cells whose shape is not adapted to 
rapid change and presents a smooth appearance. 

The fact that muscle-cells can change their shape and 
hence emit considerable quantities of energy in a short 
time has allowed interesting knowledge of cell economy 
to be obtained by clever experimenters Since the muscle 
changes or tries to change very quickly, the ordinary 
processes of feeding and building and repair of the cell 
are negligible during the short period of stram. Suppose 
a small muscle is tied in a httle box containing an 
exceedingly sensitive thermometer Since the ends of the 
muscle are tied, it cannot change its length, but it can 
strain itself and emit energy trying to, if the muscle is 
given a stimulus; an order to work Since the muscle 
cannot move, it can only get hot with straming. The 
amount of heat is measurable by the thermometer. For 
one twitch, the nse in temperature is about C. Now 
the changes in chemical constitution after the strain can 
also be measured, and it is found that the heat produced 
is equal to the amount of heat released by the various 
chemical changes m the muscle cells. This proof of the 
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observance by small intimate groups of cells of the latvs 
of physics and chemistry is striking, and reduces the 
tendency to assume that h\mg organisms obey laws 
which disagree with those of physical science. When the 
box contains oxygen the muscle will continue to produce 
energy after repeated stimulations, but if nitrogen is 
substituted it soon becomes fatigued Evidently muscular 
movement is closely connected with oxygen consump- 
tion. The muscle-cells contain considerable quantities 
of a substance called glycogen This matenal is directly 
engaged in supplying the energy the cell uses in changing 
Its shape, it corresponds to the petrol in the tank of a 
motor-car or the lead oxide in the plates of a charged 
accumulator. When the cell-engine is caused to work 
the glycogen disintegrates into lactic acid and releases 
energy. This change corresponds to the reduction. "of 
the lead oxide to pure lead. During a hundred yards’ 
race m which an athlete spends all his available energy 
about one ounce of lactic acid appears in his muscles. 
He will not be completely recovered from the race until 
his muscles are free from lactic acid Energy is needed 
to convert the lactic acid back into glycogen, and is 
provided by the combination of some of the remaining 
glycogen with oxygen Thus glycogen takes part in 
two reactions dunng the movement of muscle-cells. 
Some of It first of all provides the energy for the muscular 
movement Then some more of it combines with 
oxygen to reconvert the lactic acid into glycogen the 
substance is both being made and consumed during the 
recovery of the muscle, but is consumed only and not 
made during muscular action. The consumption of 
oxygen is dunng the penod of recovery. This is illus- 
trated by the fact that a sprmter can almost equal record 
time over a hundred yards even if he holds his breath 
throughout the race He begms to breathe heavily 
after the race, and the extra oxygen he inspires will 



OUTLINE OF THE UNIVERSE 

penetrate through his blood to the muscle-ceils and com- 
b:ne \\ith gh cogen there to provide eneigj/ to remove 
the lactic acid. The phenomenon is seen more par- 
ticularlv in the httle box contammg the small muscle 
fibre The fibre contmues to emit heat for a considerable 
time after the attempted contraction, in fact, 50 per 
cent, more heat is emitted after than during the twitch. 
The sudden output is due to breakdown of glycogen, the 
slow cumulati\ e output is due to the oxidising of lactic 
acid back mto glycogen 

Fatigue after muscular exercise is due to the muscles 
being soaked with lactic acid This appears to interfere 
with the dehvery of the stimulus which makes the muscle 
move. Possibly it interferes with the electrical conduc- 
tivity of the surfaces of the muscle cells Prof Hill 
has remarked that after a race one’s legs do not feel 
tired, but rather seem to refuse to move. The lactic 
acid somehow prevents the muscles from receiving the 
message from the athlete’s brain ordenng them to work 
funously. The effect is perhaps somewhat similar in 
nature to that of the drug curare used by Indians for 
poisoning arrows. When the arrow pncks the victim 
the curare on the barb penetrates into the blood and 
on to the surface of the muscle-cells. In particular it 
blocks the places where the muscles join the nerves 
bringing the order of action from the bram. It is odd 
that lactic acid, the substance givmg the characteristic 
taste to sour milk, should in another situation cause the 
symptoms of muscular fatigue by a kmd of paralysing 
action somewhat similar, though milder, to that of the 
pecuhar drug curare. 

The behaviour of cells in an atmosphere of mtrogen 
has stimulated some speculations on the nature of vital 
machinery After the cells have been deprived of oxygen 
for a considerable time they begm to emit heat due to 
the disintegration If oxygen is admitted the temperature 
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IS reduced to normal again, providing the disintegration 
has not gone too far. Thus oxygen may under certain 
circumstances reduce the rate at which cells produce 
energy, and act as a governor on a complex of chemical 
interactions. Oxygen may be imagined as one of the 
parts, one of the chemical wheels, as well as the burner 
of fuel, m cells. When the cell is deprived of oxygen it 
gradually begins to emit substances resembling those 
from a malignant cancer cell. May mahgnancy m 
body-cells be due to defect in oxygen-control? This 
suggestion arising from the researches of Warburg and 
Hill shows the cancer problem in a new perspective. 
It arose from work unconnected with direct cancer 
research, and is one more illustration of how fundamental 
research is always illuminating unexpected places, and 
of how the solutions of scientific problems tend to be 
found away from the apparently obvious region of 
research, since one would expect the nature of cancer 
to be learnt from a study of cancerous rather than 
normal cells Recently, however, the phenomena dis- 
cussed in this paragraph have been shown to be due to 
osmosis, not oxygen. 

Why cells should be able to change their shape rapidly 
and thus constitute muscles is not yet known. It is 
perhaps due to a change in the structure of substances 
in the ceE similar to that m india-rubber, which becomes 
semi-crystallme when stretched. The change in structure 
entails a change in shape. Perhaps it is due to a change 
in the condition of the surface which enables fluid to 
soak through swiftly and expand the cell, as water puffs 
up a dried bean , or perhaps the change is due to rapid 
colloidal swelhng, as if the muscle-cell were a piece of 
jelly expanding rapidly after bemg suddenly exposed 
to water. 
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ELECTRICITY AND CELLS 

The human bod\, and the more comphcated organisms 
ha^e their sets of athletic cells which enable movements 
of all kinds to be made If the numerous muscles of the 
body in ere unco-ordinated they would not be of much 
use, since actions would be chaotic. 

A muscular sjstem is useless without a system of 
control; and consequently nature has evolved the 
nervous s>stem. Like all other tissues, nerves are made 
of cells As muscle-cells have speciahsed in mobility 
of shape, nerve-cells have speciahsed in structure and 
conductivity. Organs reacting as quickly as muscles 
need a very swift controlhng system to co-ordinate them. 

Prof. HiU has pointed out that in an orgamsm con- 
sisting of a smgle ceil rapid systems of commumcation 
between different parts of the cell are not very necessary. 
If a particle of one part of the cell is needed in another, 
it can just go and get there, quickly In a large and 
comphcated orgamsm such as a man or elephant, this 
is not always possible. A particle required in the head 
could not very swiftly traiel there from the toe. For 
moderate speeds it would be possible, and indeed happens 
when excessive carbon dioxide is discharged mto the 
blood during muscular exercise and earned to the brain, 
where it causes the order to be given to the lungs to 
breathe more quickly Such a mode of commumcation 
would not do for advising the bram that a tiger £or a 
motor-car was about to hit its owner To be of any use 
in such circumstances an almost instantaneous advice is 
necessary, in fact, orgamc telegrams if not radio messages 
must be sent in many directions if the danger is to be 
avoided. Consequently, the higher orgamsms require 

2S4 
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some system capable of con\e>ing information without 
mo\ing particles o\er great distances, a biological 
telegraph in contrast to a biological post in which 
material objects such as molecules or carbon dioxide 
travel as the letters Nature has proxed not unequal to 
the demand All the higher organisms have their 
telegraph svstem, and an electric svstem, too, though 
the electricity is not used m the same way as in the 
familiar telegraph or radio 

The nerves are the lines of the sv stem When examined 
they are found to consist of bundles of exceedingly fine 
fibres One w’ould expect the fibres to be portioned oflF 
occasionally into cells, but investigation reveals no cell 
nuclei, the characteristic of cefis, in them From the 
end of the nerve in the muscle through all its length in 
the body, no nuclei are discovered m the conductive 
part of Its fibres This is remarkable, since it seems to 
suggest that after all living tissue can exist in comparatively 
large umts and >et not be orgamsed into a cell. 

Apparently nerve-tissue is an exception to one of the 
great generalisations of biology A careful search does, 
however, reveal nuclei in nerve fibres \S'hen traced, 
most nerve fibres are found to proceed to the spinal 
cord or brain Inside the cord the nerve-thread-ends are 
found to contain nuclei So the fibre is nothing more 
than a hair on the body of a cell living in the spinal 
cord, a gigantic w'hisker, as if a telegraph wire w'ere a 
whisker sproutmg from the transmitter These whiskers 
may be several yards long, as in an elephant or a man 
where a nerve-cell is situated in the brain (which is an 
elaborate knot on the top of the spinal cord) while the vast 
hair spiouts down tunnels in the body to, say, a big toe. 

This sprouting character of nerves accounts for the 
possibility of some remarkable cures of injuries due to 
damaged nerves. If a nerve is cut, the part discon- 
nected with the nucleus dies 
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l^ter the remaining part containing the nucleus 
ma> grow again and the sprouting fibre creep along 
the channel where the old extension had been Finally, 
m some cases the ner\ e-fibre reaches the muscle or 
organ it previously ended in, and the patient suddenly 
finds the use of the organ restored to him. This extraor- 
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dmary property of human telegraph wires being able to 
mend themselves after a storm has been exploited 
bnUiantly by surgeons Sometimes a person’s face may 
be paraijsed by failure in the functiomng of the nerves 
connectmg them with the cord and brain It is possible 
to cut these nerves and arrange for good nerves operating 
comparatively unimportant muscles in the shoulder to 

. 

Gr</inary Ce/J ^ A'erye Ce/l 

Fig 109 


grow along the channels left by the faulty nerves, 
finally jommg on to the facial muscles. The messages 
from the brain reach the facial muscles safely through 
these good diverted nerves, and the subject now finds 
he can control his expression. Many other changes of the 
same kmd are possible. 
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The weight of a nerve-cell maj be not much more than 
that of other cells, because the fibre is verv thin, but the 
length may be enormously greater. If a nerve consisting 
of a bundle of these fibres is removed from an organism 
the passage of electrical disturbances along them can 
be directly detected with electrical instruments In 
fact Galvani began in 1761 his famous researches result- 
ing m the discovery of electnc currents from an observa- 
tion that if frog’s legs were suspended on an iron railing 
by copper hooks, they twitched occasionally. The iron 
and copper and moisture on the railing were really 
forming a little electnc batterj' whose current caused 
the twitching. 

By measuring the time that the electrical disturbance 
takes to pass dowm a known length of nerve the speed 
of propagation can be calculated It comes out at about 
400 feet a second for a human nerve This is quite fast, 
but so much slower than the rate at which electrical 
waves travel (186,000 miles a second) that it indicates 
the nerve-message must be only partly electrical. Very 
dehcate instruments show that one message passing down 
the nerve raises its temperature about one millionth of a 
degree Centigrade This is an indication that the message 
is also partly a chemical phenomenon producing heat. The 
nerve-message appears to be an electro-chemical activity. 

Nerves are collections of single cells whose nuclei 
are concentrated mainly in one region inside the spinal 
cord, and whose fibrous extensions penetrate to all 
parts of the body. Down these fibres electro-chemical 
messages flow, but always inside the single cells, and 
their fibres. The nerves are not chams of cells with 
currents passing from one to the next. Why should the 
nuclei of the cells be in one region 7 For the same 
reason that all telephone wires go to an exchange. It 
is much simpler to send all calls to an exchange from 
which they can be directed. Without an exchange all 
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subscribers wou'd ha\e to be connected with each 
other Instead of ha\mg one wire, Jones would require 
just as man) vsires as people 'whom he wished to call. 
So with nerves, if organisms did not have a centre of 
exchange for nerve-messages, every part of the body 
would have to be connected with every other part, and 
an organism would look more like a ball of woolly nerves 
than an economical articulate mechamsm 

Perhaps the nerve-messages are restricted to the 
insides of single cells for purposes of insulation. If the 
messages could jump across from one cell to another 
the) rmght be able to leak aU over the body and cause 
a chaos of reactions Nerve-ceUs are not the only ones 
showing electro-chemical currents. Muscle-ceUs, the 
heart-cells and those of the glands and eyes also produce 
electnc currents The currents from the heart tell 
much of how it is working, and the modern achievement 
of having them register their quantities on a photographic 
film IS a great contribution to medicine 

The subject places organs some distance apart into 
jars of salty w’ater As the heart beats its currents pass 
through the body to the jars and thence by wires to 
the instrument registenng their magnitude and vanation 
(Plate XXTVa). An X-ray photograph of a girl’s heart 
beating is shown in Plate XXIVb. 

Some of the charactenstic electncal properties of 
nerves may be expected from what is known of the 
electrical behaviour of solutions of salts 

Suppose a porous pot of unglazed clay is placed in 
a bowl of water, and its inside is filled up to the water- 
level outside with a solution of common salt. In 
solution, much of the salt dissociates into atoms of 
sodium and chlorine wandering about by themselves. 
The chlorine atoms are represented by O’s and the 
sodium atoms by [H’s If wires are placed in the water 
on opposite sides of the porous pot, and connected to 
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the terminals of an electric battery, one wire will be 
positively charged and the other negatnely. In fig. 110 
the positively charged sodium atoms will tend to flow 
from nght to left, and the negativeh charged atoms from 
left to nght Thus there will be a banking of chlorine 



atoms against the right side of the pot and of sodium 
atoms against the left Something of the kind happens 
in hving cells when wires from a battery are placed on 
opposite sides of it The skin of the cell acts as a semi- 
porous membrane, and charged atoms of vanous kinds 
in the cell-fluid bank up on opposite sides as near as 



possible to the wnres (fig 111) If the electrical pressure 
from the battery is high enough, some of the charged 
atoms may break through the ceU-skin and cause a 
sudden disturbance. The cell is slightly convulsed, 
and twitches , it is said to have been stimulated. 
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T,'e effect ol a slight akoc!^ or u 'cf'.e-c.ll be 
coi % JciCil \\iih this idcc. :n 'rr'J 

F*g U2 rcoresecLts a r.er . .^t 'ssl Ov. ing to 
the ratuie of the eell-slin there jS r sepaiation of 
negatr-ei} and pcsitr.els crargei etoins The number 
of atoms of each Lrd rra: i-e t’-e s^me, so that the 
cell as a 'Aliole rears no cra-ve, oit ccntams electrical 
strains o\Mng to the separation cf the two kinds of 
charged atoms Sappcse kie '^er\ e-fibre is cut at A 
The fibre \m!I he open at the end and fluid will ooze 
on to the uais’de cf the fibre, and make a conductmg- 
connection Aith it Thus the neaaiiseK charged atoms 
outside v,iii tend to flow irside and cause an electnc 



current to flow up the inside of the fibre A galvanometer 
■with terminals attached to different points in the nerve- 
fibre will register this passage of current This sort of 
electncal disturbance m ner\ e-fibre is called the “injury 
current” and is caused when the fibre is struck or 
damaged sufficiently for the re-arrangement of the 
charged atoms on the mside and outside of the fibre to 
occur When the nerve-fibre is given an electric shock, 
the sudden change of electnc pressure at the pomt of 
application is equivalent to physical injury in so far as a 
current is sent down the fibre, though the fibre is not 
damaged permanently, only momentarily upset. 

This suggestion of the nature of the occurrence m a 
fibre when it is stimulated perhaps furnishes one reason 
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%\h\ ner\c-iibre5 ar^ r'ade of single aad not chains of 
ccll&. If th^ fibre .\ere ar^cr* r^ed lalo cel!s. there 
could not re a ar'fo'T^ e.ealr.w-. crrCiLor. throughout 
the inside and cut vce of C ''r>e^;aeati; ubea stimula- 
tion or distu^'harwe cccurred a geae-a: readfustment 
woald Otcjr c^'r m that particuiar ced in the ner\e 
upon which the st.mulcs hapoened to fail There wc'Jd 
not necessarfs be a reaujaslnent thiotghout the whole 
length and breadth of the uerse, as would be probable 
if tne Cbre were ail part of one cell 
This evplanation of how cells are stimulated explains 
the remarkable fact that alternating electric currents 
at \er\ high scltage do not necessariK injure an organism. 
WTien the current is switched on to the organism it 
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immediately commences to separate the charged atoms 
or ions in the cells and bank them up prepaiatory to the 
burst which manifests itself as stimulation If the 
current is very rapidly alternating, the ions have no 
sooner commenced to move to one side of the cell than 
they are urged in the opposite direction, due to the 
change in direction of the current Thus even if the 
voltage IS very high, a milhon volts for example, so that 
the ions are impelled exceedingly swiftly to their respec- 
tive sides of each cell, none of them will get there if the 
current alternation is sufficiently rapid. This explams 
how people can draw large sparks off their nose and 
body without feeling anything. If such sparks had been 
due to a direct current they would have been killed 
instantly. Persons accidentally touching the electric 
hght mains often receive a nasty, sometimes a fatal 
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shock. The frequencv of the current m these mams is 
usually about fift\ a second, quite a small number. If 
the frequenc} were transformed to fi\e hundred thousand 
a Second thev would feel notning w-hatever. 

The message traAellmg along a ner\e is a wave of 
readjustment. W hen it is passing an> place it is readjust- 
ing the electncai relations between the charged atoms of 
substances on the spot 

Tne muscles of the bod> operate locali> . For instance, 
the forearm is lifted by muscles in the upper arm, and the 
leg b\ muscles m the leg They are all connected by 
nerves to the spinal cord and brain The message to a 
muscle causing it to mo',e comes from the cord and 
brain through a ner\e One message passes along the 
ner\e and causes the muscle to contract once, and then 
relax If another message comes before the relaxation 
IS completed, the muscle contracts again, and does not 
complete the relaxation first Consequently, for a muscle 
to remain contracted it must receive a rapid succession 
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of messages throLgh the ners'e When a man stands stiU 
on one leg hss weight is beirg part!\ sapported by a 
group of sicadiJ\ contracted musc'es Eacn of these is 
recemng messages through its appropriate ner\e from 
the brain cr cord at the rate of aco_t ;:f;> a second. One 
follows another so rapidb that ad tae muscles remain 
steadily contracted until fatigued. Tre Harvard Medical 
School phvvologists have shown ttiat in elephants the 
rate is about the same, fort ^ -eight a second 
Jurabo was given a metal weight to hold, and w’ires 
were attached to the weight and his forehead, and 
portions of the currents passing through his trunk due 
to the twitching of his trunk-muscles on reception of 
nerve-messages could be directed through the galvano- 
meter Thus in steadv contraction of muscles the steadi- 
ness IS due not to an uninterrupted instruction to remain 
steadv, but to a rapid succession of messages w’hose 
effects fuse together to cause an effect of continuitj'. 


XU 

THE IMPROVED ORGANIC POST 

When electric lighting systems were first introduced 
many people said the earlier sjstem of gas lighting would 
rapidly be superseded This has not happened, for the 
improvements in the use of electricity as an illuminant 
have helped to stimulate improvements m the techmque 
of gas illumination Something analogous has occurred 
in the evolution of the system for co-ordinating the 
actions of organisms. The development of the electro- 
chemical message system of the nerves has been paralleled 
by a development in the subtlety of the older system of 
causing actions by transporting chemical substances inside 
the ceil, and later, m the passages of the blood-stream. 

Everyone is aware how his heart begins to beat faster 
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on excuing occasions There are two stimuli causing 
tins, the ner%e messages from the bram to the heart 
arising from information the bram has received from 
the e'teinal world; for instance, the appearance of a 
policeman, an attractive girl or a revolver shot, and the 
chemicals discharged into the blood-stream by glands 
which have also received notice of these interesting 
external events In particular, certain glands near the 
kidne>s are stimulated to discharge a small quantity of 
adrenalin into the blood. This substance has been 
synthesised m the laboratorj, so there is nothing 
mystenous about it, but in the blood it passes through the 
heart and reinforces the nerve messages causing the heart 
to beat faster. The increase in the rate and strength of 
the heart-beat increases the supply of blood to the muscles 
and the brain, prepanng the man for a special effort to 
escape from the policeman, to be active in the presence of 
the girl, to duck for cover and flee from gunmen. 

The old Arabian physician, Avicenna, was aware, 
not of the existence of adrenalin but of the effects it 
helps to cause. One day a young man suffenng from 
melancholy W’as brought to him Many physiaans had 
tried to diagnose his malady but all had failed The 
young man continued to droop and his doting father was 
almost in despair. Avacenna gently took the young 
man’s hand and bade him sit down in a quiet place. 
The father left them together. Though he talked of 
many interestmg things Avicenna could not persuade 
the young man to speak a word. So still holding his 
wrist gently he discoursed on the various quarters of the 
city. When the name of one distnct was mentioned 
Avicenna noticed a slight jump m the young man’s 
pulse. Continuing his discourse Avicenna gradually 
spoke of the mam streets in that distnct. The name of 
one caused the young man’s pulse to jump agam. 
Avicenna wove his discourse aroimd the characteristics 
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of this street and one K one referred to the numbers of 
Jie houses, m n Prese'’; .. f'e :>Oung man's pulse 
jumped again wi'cn a certain n-*"ber aas mentioned. 
Recollecting the famiK in that ho-se, AMcenna laid 
the >eang man's h..nd as.de and ^ent a'.sa>, calling 
instead for his father ''Your son is m lo'ie”, he said, 
and mentioned the name of tnelad>, her family, the street 
and district in \vhicli she Ir.ed The o%erjojed father 
soon conferred with the head of the lad\ 's famch and that 
happened which the son melancholil} belie\ed impossible. 

Sudden emotional changes produce detectable electrical 
changes in the body. If a person’s hands are dipped 
into jars of salt solution connected by wires to a delicate 
galvanometer the mention of anything exciting to him 
produces a deflection in the instrument two or three 
seconds later. The possible exploration of the personality 
by this effect is attractive, though difficult. The explana- 
tion of a person’s interest in a cnme, a person or an 
event may be very comphcated and the mere fact of his 
interest misleading to those who discover it His interest 
may be due to causes unknown to his consciousness, or 
to irrelevant accidental associations. 

The thyroid gland m the neck secretes thyroxin into 
the blood. This substance is a very powerful help in 
the oxidation of sugar in the blood and a person with 
defective thyroid secretion is starved of sugar products 
for his growth and becomes sluggish and idiotic, a 
cretin. A dose of a third of a miUigram of thyroxin a 
day IS sufficient to keep him in normal health. It has been 
mentioned that thyroxin has been synthesised. There 
are four atoms of iodine in its molecule. Being such an 
important substance, many organisms cannot flourish 
without thyroxin and hence without iodine If food is 
entirely deficient in iodine, men and animals will become 
cretmous. In Michigan, where soil and water lack 
iodine, it is impossible naturally to rear sheep. By 
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giMng food containing iodine compounds to the sheep, 
the new industrv of sheep-rearing has been introduc^ 
into that State 

The pituiiar} glands m the head secrete at least two 
secretions, one of which has a controlling function on 
growth. A person defectne in this secretion tends 
to be dwarfish, while a person with too much grows 
into a giant. If an adult is afflicted suddenly by an 
over-actiMty of his pituitar> gland he may rapidly 
grow several inches taller. 

Another of the secretions, pituitrm, stimulates the 
womb and is sometimes given in child-birth to cause the 
womb to contract powerfully, and expel its burden 
more quickly 

The thyroid and the pituitary glands have a profound 
r61e m the control of growth If a tadpole is given food 
contaimng thyroxin it rapidly turns into a frog, even 
if it IS no bigger than a blue-bottle The thyroxin pene- 
trates throughout the body in the blood-stream and 
causes simultaneously those new processes of growth 
which differentiate an adult from an immature organism. 
The Mexican axolotl lives on the dry Mexican plateau 
and consequently searches for watery places and has 
become adapted to a watery life If it is given just one 
small dose of thyroid it changes into a salamander, from 
a water to a land animal ! (Plate XXVa). This change 
IS conditioned by the pituitary, since the thyroid extract 
will not work unless it is taken from an orgamsm with 
an intact pituitary gland Here the mter-connection of 
glandular action is demonstrated The effects of the 
secretions from the sexual glands are equally fascinating. 
When a person sees a sexual opposite, the eye and its 
nerve conveys the impression to the brain If the brain 
finds this mterestmg it sends a nerve message to the 
sexual glands causing them to secrete into the blood- 
stream. The behaviour characteristic of maleness or 
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fenvieness h the se\ of a male rat are 

icmcved and. rep'aceJ b> fem^.e e’a'^ds it t:eaa*e!> in a 
sexual situation I ke a fema-e I:> Ltenl miik glands 
max be stimalaied to secrete miik and its general structure 
and appearance max become more fe rale Conxerseh, 
a female rai xxith male glands grafted into .t xxill behaxe 
masculmei> and attempt to copulate xv ith females The 
dependence of sexual characters upon glandular secre- 
tions IS illustrated bx the famous hen examined by 
Professor Crexx This animal normalix, laid eggs Then 
Its sex glands became diseased and the secretions conse- 
quentlx altered. It changed graduallx into a croxx mg cock 
xxith comb, and became the father of chickens 
In the Middle Ages, croxving hens appeared occa- 
sionally, and sometimes xvere burnt as witches The effect 
of the secretions of the sex glands can control a person’s 
sexual personalitx, and to it must be attributed the 
femininity of some men, and the masculinity of some 
women, and perhaps the complex and sometimes 
unpopular personalities which seem to contain a remark- 
able mixture of both characters 

“A xxhistlmg maid and a croxving hen 
Are neither fit for God nor men ” 


XLII 

THE SENSES AND THE BRAIN 

The speciahsation of cells in orgamsms has produced 
dunng the ages the mechanism of muscles, viscera and 
controlling nerves which constitute the bulk of the 
volume of the body. Even the skeletal structure is a 
cellular product produced by specialisers in the deposition 
of lime Every part of the body consists of, or has been 
produced by, cells. The same technique of speciahsation 
has operated on the character of those parts of, or 
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cci cc^zons of calls hich in the beginning had the greater 
s'lare m the detection of the facts of the enviionment. 
If a cell was to react to changes in an enMronment it 
had to possess parts sensitue to changes of various 
kinds, to changes in the chemical constitution of the 
sea in which it h\ed, to temperature, light, etc. When 
many-celled organisms had appeared certain of their 
cells specialised in detecting such changes. Some 
cells became sensitive to temperature changes, others to 
changes of light and sound These \igilants of change 
necessarily became closely incorporated m the control 
system of the body, since action depended on the nature 
of the disturbances of which they apprised the body. 
They necessarily evolved m direct connection with the 
nervous system. So the tongue, nose, eyes and other 
sense-organs are directly connected by nerve-fibres 
with the nerve-cells of the cord and brain When there 
is a noticeable change in intensity or distribution of 
illumination the eye is affected and a message runs along 
the nerve-fibres from the eye to the brain If the brain 
finds the change of importance it may send out messages 
along nerve-fibres to the muscles, causing an appropnate 
movement. The receiving organs — the receptors — and 
the nerves and muscles must evolve in step 

Refined senses are of no use to an orgamsm incapable 
of acting subtly, so crude senses and crude activities 
are associated. Water is a much more opaque substance 
and immensely more resistant to diffusion than air. 
In it light is absorbed by suspended matter, so even if a 
fish’s eyes were very good it would not be able to see far 
Consequently fishes have not, with some exceptions, 
evolved eyes capable of seeing clearly over a great 
range of distances When fishes smeU they detect directly 
molecules dissolved in the surrounding water- These 
molecules act on nerve-endings and the nerves convey 
messages to the front part of the bram. Fishes taste 
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often b> ner*e-eniincs spread ai! o.er :I; 
can detec: edtole food c’.en vfoeo i: hcs no 


s<*n so the> 
T'e', for them 


and 1 ' dropned beaind their bac.vS Tre rce>%aces from 
the receotors for taste go to the hind part cf toe brain. 
The fact that the destinations of ner\e-ne5*ages for taste 
and smell are cdTerent is an mdicatio.'i that fshes both 
taste and smell Owing to water being a v.ga.d molecules 
of substances diffase slowly through it A blind fish 
cannot detect a morsel of food one foot awav until 
currents and diffusion ha\e brought some of the odorous 
and the tasteful molecules to it. An animal Using in air 
receives the notice \astly more quickly, since molecules 
move through air thousands of times more quickly than 
through w'ater. Smelling in water and in air seem 
at first fundamentally different techniques. The first 
is so slow and the second so swift ^Tien an animal 
smells in air it often snuffles. This is obviously done to 
pass more air containing the odorous molecules over 
the odour-detecting nerve-endmgs in the nose. It is 
difficult to imagine fish snuffling, so one wrongly assumes 
their techmque of smelhng is fundamentally different. 
The nerve-endmgs in the nose are not affected by the 
molecules if they are not damp. Consequently the odour- 
detecting membrane m the nose is always kept damp by 
secretions from a gland. The function of the moisture is 
to dissolve the odour molecules m order that they may 
react on the receptors for smell. This techmque points 
to the evolutionary ongm of our sense of smeU In spite 
of the superficial difference man’s and fish’s methods of 
smelhng are m pnnciple the same, and indicate the human 
technique of smelling has evolved from that of the fishes, 
and has been developed to suit animals hvmg m air. 

One of the most interesting cases of evolutionary 
development is exhibited m the history of the apparatus 
for controlling the posture of the body. Everyone will 
have noticed the white line along the side of many fish« 
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aid ha\e momentanlj compared it, perhaps, with the 
Parasoli Ime on a ship This line marks the situation 
of a tube under the skm containing many sensiti\e cells 
It IS behesed that the pressure of the water on the tube 
stimulates the cells so that the fish is apprised of changes 
in water pressure on its flanks and hence of its speed and 
direction of motion relative to the water 

Jelly-fish ha\e organs which, contain sensitive cells 
and little particles of lime. If the jelly-fish heels over on 
one side the distribution of the pressure of these particles 
on the hairy fibres of the cells is altered, and the cells are 
stimulated to cause a reflex movement to right the fish’s 
posture Some shrimps put particles of sand in their 
corresponding organs with their claws, and will use iron 
fihngs if supplied to them instead of sand The filings 
can be caused to fall upwards by holdmg a magnet above 
the shrimp, and then they press the hairs of the cells 
upwards The cells stimulate the appropriate reflex and 
the shrimp turns upside-down, and continues to hve and 
swim upside-down so long as the magnetic field endures. 

The white lateral fine in the fish and the leveUing 
apparatus in the jelly-fish and shrimp appear to suggest 
what the postural control organ in the very distant 
ancestors of humans was like In fact, the balancmg 
organ consisting of the semicircular canals (fig. 115) 
and the spiral tube of the cochlea are possibly the lateral 
hne of a fishy ancestor W'hich has shrunk off the length 
of the body and tied itself up in knots in the ear, within 
the protection of the skuU. This interesting speculation 
involves a knowledge of the functions of the lateral hne 
which still remains obscure The base out of which the 
canals project contains hmestone particles whose pressure 
against hair-ceUs causes stimuh advising the brain of the 
posture of the body when it is steady in any position. 
One canal is horizontal and the other two are vertical 
but at nght angles to each other, so they are ahgned 
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according to the three dimensions of space. When the 
head is turned the fluid tends not to move, according 
to the principle of inertia, and presses against sensitive 
hairs in the canals. The ratios of the three pressures 
will inform the brain of the direction of the turning, 
and the intensities the rate of turmng 

The other knot of tube, the cochlea, has been adapted 
to the task of detecting sound When waves of air of 
certain frequencies fall on the ear-drum (3) they aie 
transmitted through the lever apparatus (4, 5) to operate 
(6), which impinges on the fluid (m black) of the inner 
ear. The impulses m the flmd cause fibres in the cochlea 
to vibrate and notice of vibrations is received in the 
brain and interpreted as sound. The ear in man and the 
higher animals has been efficiently evolved to perform two 
functions, the detection of sound and of change in posture , 
one more instance of the extraordinary degree to which 
organisation is raised in the mechamsms of hving thmgs. 

The physical difierences between water and air 
account for much of the difference between fishes and 
men. An animal whose receptors were adapted to the 
slow heavy movements of water must have found when 
trymg to hve in the air the necessity for developing 
receptors adapted to its swift hght movements and 
clanty. The release from the bondage of hquidity 
allowed these receptors to develop in the Protean air. 
The behaviour of a land animal has extra possibihties of 
complexity because air is subtler than water, and the 
difference between mind and matter as implied in the 
difference between the behaviour of the higher and 
the lower animals has been conditioned by the 
difference between hquid and gas. 

People speak of mind and matter as of entities funda- 
mentally different and without a common origin. There 
is a difference, but rather as that between air and water 
stuff mamfested in two different kinds of state. What 
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men call mmd is something which became prominent in 
organisms adapted to live in air. 

The function of the receptors is to recene notice of 
changes in the environment and report through the 
nerves to the brain Actmg on the information the 
brain sends messages to the muscles, etc , causing 
the animal to behave in a more or less appropriate 
manner. Receptors and muscles do not use the same 
nerve-fibres for messages. Apparently messages wdl go 
along nerve-fibres in one direction only. In this respect 
the nervous system differs from a telephone system in 
which messages go along the wires in either direction. 
The nerves from the receptors to the brain are called 
afferent, those from the brain to the muscles, etc , efferent. 

The most active receptors and hence those sending 
most messages to the brain will tend to require specially 
large exchanges in the brain to deal with the information 
received. Less is kno^m of the localisation of these 
exchanges than might be expected. The brain is very 
sensitive and in many ways tends to act as a unit If it is 
damaged, there are usually two effects, due to the actual 
damage, the destruction of cells , and that due to a faulty 
part in a highly complex mechanism. When a sparkmg- 
plug of an auto engine is defective the cyhnder does not 
fire. Consequently the ihjdhm of impulses to the dnvmg 
shaft is distorted and irregular vibrations are caused. 
The driver becomes aware of these and deduces the 
sparking-plug trouble. But in detecting the cause of the 
trouble he did not immediately see the tarnished points 
on the plug He detected a functional disturbance in 
the whole machine. In a comparatively simple machine 
such as a motor-car a defect in a plug can often be 
deduced from a functional disorder in the machine. In 
an extremely complex machine such as a brain the 
interpretation of the cause of any disorder in behaviour 
is enormously more difficult, especially when it is not m 
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general permissible to experiment surgically on the brain 
The physiologist trying to discover the locahty of an> 
brain activity is in the position of a motor engineer’f 
apprentice who may never touch the machinery of a cai 
unless It has already been wrecked He has to wait ir 
the garage until the remnants of some battered Ford oi 
Rolls are brought in He will rarely have the same 
make of car twice, and will never receive the remnants ol 
two different cars which suffered quite the same kmc 
of accident The whole of his knowledge of the insides 
of motor engines will be derived from examination o 
defective machines He will learn most in times of peal 
accident rates. This is, in fact, the case with the progress 
of knowledge of the locahsation of activities in th( 
human brain In the Great War the brains of many mei 
were damaged by fragments of shells and the injuries 
could be correlated with the disturbances of perceptioi 
and action in the patient’s behaviour 

Direct experiments on the brains of ammals are per 
nutted according to regulations which vary in differen 
countnes By means of these and the mass of accidentia 
evidence from human and vetennary surgical record 
and other more indirect sources of evidence, the locahsa 
tion of many activities in both animal and human brain 
has been discovered. 

The areas of the brain concerned with the receptios 
of messages from receptors are (21) for hearing and (24 
for vision (fig. 116) The sensations from skin ani 
muscles are dealt with in the region (25) The part 
which issue the orders for movement and contrc 
messages despatched to the tissues are (1) for the toes 
(2) foot, (3) calf, (4) thigh, (5) belly, (6) chest, (7) bad 
(8) shoulder, (9) upper arm, (10) forearm, (11) wnsi 
(12) fingers, (13) neck, (14) eyelids, (15) cheeks, (16) jaws 
(17) hps. The eyes are controlled by (19) and the tongu 
by (20). It IS very interesting to notice how; small 
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region is necessary to deal with the mass movements of 
the body The comphcated control of seeing and moving 
the tongue require areas of the same order of size as the 
whole of the trunk Evidently eyes demand a con- 
siderable brain apparatus for their control and the 
better the eyes the larger that part of the brain must be 
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Consequently, the eye-control areas in the brains of land 
animals should be relatively larger than those of animals 
hving in water. This increase is strikingly evident, when 
the brains of ammals representing an ascending scale of 
evolution are studied The size of the area concerned with 
tongue control in man, that is, with the control of speech, 
shows what a complicated task it has to perform Since 
speech and thought are often (not always !) closely con- 
nected, thought evidently involves large areas of the bram. 

A consideration of the effects of damage to brains 
exposes the evidence for these localisations. The severe 
.effects of the destruction of the whole of the top part 
of the brain, the cerebrum, are sweeping and are best 
seen m dogs. By a skilful operation the cerebrum can 
be removed from a dog’s brain Afterwards the ammal 
behaves hke a balanced automaton It stands stifiSy, 
and IS unconscious of the environment It cannot 
recogmse food, and will not move towards meat placed 
in front of it. It will eat only when food is placed in its 
mouth, for the chemical nature of the food stimulates the 
reflex motions of eating It can walk but does not avoid 
obstacles. If the lower part of the brain, the cerebellum, 
IS destroyed the ammal loses control of its balance. 

Alcohol causes its charactenstic effects by disor- 
ganising the operations of the cerebellum. Evidently 
the function of the cerebellum is to co-ordinate the 
vanous messages sent to the muscles and tongue by 
the cerebrum. If it is hmdered by damage or drugs it 
cannot hold the balance between the various cerebral 
impulses to action. Each impulse gets its own way 
and is not rigidly compared and combined with the 
rest, so the subject tends to make a series of disjointed, 
too violent and enthusiastic actions If the cerebellum 
had been able to perform its duty it would have toned 
down each impulse and blended it with the rest to 
produce a harmomous, controlled piece of conduct 
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When both cerebrum and cerebellum are destroyed or 
put out of action, the body can stiU do a surpnsing number 
of things It will move a leg to scratch away an. imaginary 
fly and can still use the mouth and digestion for eating. 

More detailed knowledge comes from the study of the 
effects of more locahsed faults If a right-handed person’s 
head is damaged on the left side, very many effects may 
be noticed. If the damage is great, his understanding 
and speech may be destroyed. If the damage is of the 
nght side the effects are nothing like so serious Evi- 
dently most of the work of thmking and speaking is 
done by one side of the brain, a most extraordinary fact 
Why have two cerebral hemispheres if one does most of 
the work ? It is not so simple, of course, but the question 
naturally is asked The nerve-fibres connecting the 
cerebral cortex with the body are crossed over near the 
top of the spine, so that the fibres controlhng the right 
side of the body run to the left cerebral hemisphere, 
and vice versa If the visual area in the left half of the 
centre is destroyed a man cannot see with the left half of 
either eye Neither eye can see to the nght. If the 
visual areas are destroyed m both halves of the cortex 
the man is bhnd, but if the damage does not extend 
beyond these areas he may retam his visual memory, 
being able to remember his friends and the world as 
they were before his accident. 

IT the areas next to the sensory areas are damaged 
the patient cannot co-ordinate his sensations. For 
instance, if the areas adjacent to the sight locahsation 
at the back of the cortex are damaged the patient may 
be able to see separate entities perfectly but be unable 
to draw conclusions from their contiguity In particular, 
he can see the separate letters of any word such as 
FISH, but cannot associate the four letters to repre- 
sent one thing, the entity fish. He cannot obtain one 
meaning from foiw letters. This defect is called “word- 
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blindness” The patient is often normal at arithmetic 
or algebra because in these techmques each symbol 
represents one idea If he could have learned that F 
alone represented fish he would have been happy — but 
he cannot derive one meamng from four sights. If the 
areas adjacent to the heanng area are damaged a similar 
defect of word-deafness is caused. The patient hears in- 
dividual sounds perfectly but cannot deduce one meaning 
from a group of contiguous sounds He hears “con” 
and “ver” and “sa” and “tion” perfectly but cannot 
deduce from the four sounds the idea of conversation. 

Tnere are many degrees of these defects Some 
persons become word-blind after a httle mental fatigue 
They will read a page of a book perfectly and then 
begin to spell out letter by letter After a rest they will 
read another page perfectly, and so on. 


XLin 

THE NERVOUS SYSTEM 

The structure of the nervous system explains at once 
various pecuhar phenomena experienced by diseased 
persons. 

Suppose a man is playing football. He sees the ball 
approaching The rays of hght travel from the ball 
to his eyes, stimulating the nerve endings at the back 
of the eye. A message runs along the optic nerve- 
fibre to the part of the bram speciahsmg in reception of 
message from the optic nerve. This part of the brain 
hands on the information to many other parts of the 
bram: “Ball approaching”. Among many other 
centres the message will arrive at the centre contiolhng 
the right leg. The brain as a whole, after having sent a 
message back to the eyes to discover the whereabouts of 
the opponents and has received a reply, combines this 
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secoBd piece of information with the first, and allows 
the message to the right foot to kick the approaching 
ball to go through, and pass down the spine and nerves 
m the right leg to the muscles causing the foot to kick. 
If the second piece of information v.ere of a different 
character it might check or inhibit the message to the 
right foot, for the brain might have discovered the 
player had better stand still and let the ball go by him 
to a colleague better placed for a kick. Even if the player 
takes no notice of the situation and just kicks the ball as 



hard as he"can without consideration, a message must 
have gone from his eyes to the sight-sense region of his 
brain, and then a message to the area controlling feet 
and legs At least one message into the brain and one 
out. Now suppose for some reason the nerve-fibres 
carrying the message from the eyes to the brain suddenly 
snapped The brain would never receive the message 
that the ball was approaching The player would be 
bhnd. He could kick perfectly weU if he knew the ball 
was approaching, but not knowing that he remains still. 
On the other hand, suppose the nerve-fibres from his 
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Spine to his legs suddenly snapped Though he could 
see the ball approaching perfectly well and send the nicest 
instructions down the nerves to the nght leg, he would 
stay still, for the messages would never reach the leg 
muscles owing to the breakdown in the nerve-fibres , he 
would be paralysed. In general, blindness is due to a de- 
fect m nerves carrying messages into the brain , paralysis is 
due to defects m nerves carrying messages from the brain 
If the nerves carrying the messages from a sense- 
organ to the brain are destroyed, the brain receives 
no notice of anythmg affecting the organ This seems 
trite enough, but the imphcations are remarkable 
It imphes that everything we caU a “sensation” or a 
“feehng” is due to an occurrence in the brain. What 
we call a sensation of hght is due to something caused 
to occur in the brain If the nerves carrying messages 
from the eyes to the brain are destroyed the patient 
can have no new sensations of hght, and if the nerves 
from aU touch organs in the skin are destroyed nothing 
that touches him wiU ever cause him pain Pins may 
be stuck in him and he will feel nothing. Yet we all 
talk of “tooth-ache”, “eye-strain”, “stomach-ache”, 
“pams in the leg”, etc. Everyone would assert that the 
pains he feels are in his tooth, eye, stomach, leg, or 
whatever is injured. They are not. The impression that 
the ache in tooth-ache is in the tooth is an lUusion The 
brain has an extraordmary property of being responsible 
for feehng the pain and yet representing that the pain is not 
m the brain but m the place where the tissue is damaged. 

Normally the nerve carrying messages from the eye 
to the brain is activated only by hght falhng on the 
eye Suppose it is activated by a stimulus other than 
hght, what happens A message ostensibly from the 
eye arrives at the optical reception area and is registered 
as hght. The experiment can be performed by sending 
an electric current through the head so that it stimulates 
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the nerve endings in the retina and causes a message to 
go to the brain and be registered as a flash of light. The 
person is given electric shocks and interprets them as 
hght. If the eye is closed and the ejebali tapped the 
patient sees flashes of hght, and when he “sees stars” that 
IS due to a message started in the optic nerve by shaking, 
and not by hght falhng on the e>e (Plate XXVb). 

The famous cases of men who feel pains in their wooden 
legs IS to be explained in the same way The fact is that 
a pain in a wooden leg is just as real as a pain in. an 
ordinary leg. It is due to stimulations in the upper 
remaining sections of nerve-fibres which would have 
run from the various nerve endings up to the cord and 
to the brain Sometimes httle tumours grow on the ends 
of the nerves in the stump of the leg and the disturbance 
they cause is registered in the brain as a pain in the 
departed big-toe, or other tissue. Removal of the tumours 
removes the big-toe pam Occasionally surgeons have 
dififlculty in persuading a man whose leg has been am- 
putated that he really has lost his leg “But I can feel 
it”, he says, and accuses the surgeon of havmg hidden it 
under the bed, or indulged in some trick of illusion. 

If a man may be with difficulty persuaded that his 
leg has really gone after amputation, the necessity 
for care in postulating extraordinary explanations of 
strange phenomena is evident. A person seeing hallu- 
cinations may undoubtedly have sensations of seeing 
in his brain, for it is possible the nerve carrying messages 
from the eye to the brain has been given some unusual 
physical stimulus inside his head It is not very much 
more to be convinced of the existence of a whole non- 
existent person as of the existence of a non-existent leg. 
People alleging they see ghosts may perfectly well 
expenence the sensation m their brain. It is probably 
due to some defect in their system of afferent nerves and 
the associated sensory reception areas of their brains. 
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Seeing ghosts may be compared to the experience 
of a man whose telephone bell rings for no apparent 
reason He takes off the receiver and says “Hello”, 
and nothing happens He goes back to his armchair 
by the fire, and presently the bell tinkles again He 
goes to the ’phone and yanks off the receiver and says 
“Hello” sharply and then bulhes the exchange, who 
know nothing of a call Ultimately, the trouble is found 
to be due to an electric current leaking into his wire 
through a fault So in the brain of persons seeing ghosts, 
nerve-currents normally going elsewhere leak into those 
fibres running to the areas of optical perception and 
stimulate the sensation of images of persons 

XLIV 

THE STRUCTURE OF THE BRAIN 

The good business man or admimstrator usually works 
at a tidy desk All documents for his consideration are 
brought from offices outside his room, and his informa- 



tion is organised on a peripheral system. He avoids 
congesting everything around him. A similar principle 
IS observable in the orgamsation of the bram. The files 
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of information are the brain cells, usually spread over 
the outer surface, so that the interior of the brain is 
clear for numerous lines of connection between cells in 
various parts The top part of the brain in the higher 



Fio. 119 Section of Cortex of an Infant’s Brain. (Herrick.) 
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animals, the cerebral cortex, notably exhibits this 
principle of arrangement, for its surface is made of a 
mass ot cells, while the intenor is a mass of connecting 
nerve-fibres. The difference in constitution is marked 
by a difference m colour, for the surface is grey, while 
the mtenor is white. Besides having the layers of cells 
on the outside, the capacity of the brain is increased by a 
crumplmg of its surface. The area is greatly increased, 
so that the number of brain-ceUs is greatly increased. 
The grey surface layers consist of millions of cells with 
innumerable fibre inter-connections A counting of the 
cells m a small portion of the layer enables the total 



number of cells in the cortex to be estimated ; there are 
between one and ten thousand milhon. The possibilities 
of inter-connections between such a number are prodi- 
gious enough to appear to us infimte, and are the 
material reahty corresponding to the apparently infimte 
variations of the mmd, the combmations of ideas and 
the activity of thought. The cells of the brain do 
not multiply dunng life. The newly-born baby has 
the fun complement of cells for the whole of his subse- 
quent hfe and even if he receives a Nobel Prize for his 
intellectual achievements he wiU not have increased 
his cellular equipment. The cells will have grown more 
complicated, and have begun to accumulate fat or 
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debris which in old ager'W'ifi have ffifitbas^TStlTTSey 
begin to detenorate in action, and the savant’s mind 
becomes feebler After the cerebral cortex the cerebellum 
IS the most prominent portion of the brain. It also has 
layers of cells on the outside surface and some groups 
inside, and large bundles of fibres connecting the cells 
with the rest of the brain. The cerebrum is concerned 
particularly with internal co-ordination. It is not, so 
to speak, interested in the orgamsm’s environment, 
and has no opimon to offer on the value of any action ; 
it sees merely that the action ordered by the cortex is 
efficiently performed, as a sergeant-major sees that the 



units of a battalion act together harmoniously. The 
colonel corresponding to the cortex has delegated the 
internal control of the battalion to his inferiors and is 
chiefly concerned himself with the operation of the 
battalion as a whole. 

In the portion of the brain directly above the end of 
the spinal cord and next to the cerebellum, a broadening 
out of the spinal cord, are groups of nerve-cells and 
fibres concerned with the control of breathing and eating. 
The low position of these explains how persons with 
extremely damaged brains and decerebrate dogs can still 
continue to breathe and eat. The small pmeal gland 
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IS noticed because of its remarkable history Descartes 
beheved it to be the seat of the soul. Later research 
shows it is not a nerve-organ at all and is not part of 
the huge net of nerve cells and fibres which appear to be 
associated with mental processes. It is a gland exuding 
some secretion into the blood-stream. Evolutionanly it 
is the vestige of a third eye which lower animals such as 
reptiles sometimes have in the top of their heads. 

Our distant ammal ancestors had an eye m the top of 
their heads, but had no great use for it or found better 
ways of aclueving the duties it performed. In the course 
of evolution the eye degenerated and became blind and 
finally was turned over to another job as a gland. 


XLV 

THE BRAIN MACHINE 

The comphcated behaviour of the higher animals is 
associated with activities m the brain and nervous 
system. Anstotle in about 300 b c beheved the heart 
was the focus of the matenal activities associated with 
intelhgence; when a man thought, his heart was the 
location of any physical activities associated with his 
thinkmg. Nearly two thousand years passed before 
this opinion was controverted by Vesahus. The great 
Italian anatormst announced that the brain and the 
nervous system and not the heart were the matenal 
associates of what is called the personality. His splendid 
discovery would have excused his fabrication of spunous 
theones of the mode of operation of the brain, but with 
superb scientific spmt he restrained himself from 
speculation. In 1 543 he wrote ■ “ How the brain performs 
Its functions in imagination, in reasomng, in thmking, and 
in memory, I can form no opimon whatever”. 

Compared with what remams to be learned, know- 
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ledge of the mode of operation of the brain during 
intelligent activity is still extremely small 

This relatively small bit of knowledge is nevertheless 
absolutely considerable and suggestive The most 
remarkable single contribution is from the Russian 
physiologist Pavlov and his colleagues At first one 
would expect the knowledge of the physical operation_^of 
the brain to be much greater than it is. Later, when the 
complexity of the brain, with its many milhons of nerve- 
cells and the possibility of an incredibly greater number 
of inter-relative connections between them is reflected 
upon, one wonders rather that anything systematic 
should have been estabhshed respecting its mechanism. 

There is strong temptation to accept the opinion of 
those who beheve the personahty is directed by a fiee 
will If this w'ere true the operations of the brain, 
in so far as they were a correlate of intelhgent behaviour, 
would be for ever inscrutable, since it is necessarily 
impossible to discover the laws governing a lawless 
will In fact, if the wiU were free it is difficult to see why 
brams should exist. An orgamsm possessing free will 
can have no use for any mechamsm in the control of its 
behaviour, because its behaviour is uncontrolled. If 
behaviour were free and above control no control 
centre and therefore no brain would be necessary 
Muscles and the various organs of the body are 
controlled by messages sent to them through the nervous 
system When a message goes down an efferent" nerve 
the muscle at the end contracts , and there is excitation, 
action. Suppose that just as the message was about to 
leave the brain or spinal cord on its journey down the 
efferent nerve-fibre to the muscle, it was intercepted; 
what would happen 7 Nothing, apparently Certainly 
the muscle would not contract. If an animal or any 
living imit IS given a single stimulus in geneial it gives a 
single response If a fly tickles a dog’s side, the message 
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goes from the nerve-endmgs in the neighbourhood to 
the spinal cord and directly through the centre for 
controlhng the scratching mechamsm, whence messages 
directly go to the various muscles operating the scratch- 
ing leg. Now suppose that owing to some natural or 
acquired pecuhanty in the dog the message from the 
tiding spot splits up into two parts on reaching the 
spinal cord. After pursuing different routes they 
approach the centre in the cord controlling the scratching 
mechanism from different directions and obstruct each 
other. Having obstructed each other the scratching 
mechamsm will not receive any instruction to operate, 
and the dog will not scratch the tickhng spot Though 
there has been no leg movement, there has been some 
activity in the nervous system. The process is clearer 
when two simultaneous stimuh are considered. Suppose 
at the moment the fly ahghts on the dog’s side, a needle 
is jabbed into the foot the dog would not use to scratch 
with. Two messages reach the central nervous system 
simultaneously, the natural reflex reaction to one bemg 
to lift one leg to scratch with, and the reaction to the 
other being to pull away the other foot from the needle. 
If both reflexes operated at once the dog would fall down 
In fact, the pain reflex obstructs the tickling reflex, so 
the message from the needle pain must have intercepted 
in the cord the message from the fly tickle and prevented 
it from operating the scratching reflex. This possibihty 
of a stimulus not necessarily calling forth a response is 
fundamentally important. The effect is called inhibition. 
It is a positive effect just as the straight-forward reaction 
of scratching is positive, but does not go beyond the cord 
and brain. Thus there are two possible reactions to a 
stimulus, excitation or inhibition, ultimate action or 
non-action In practice aU reactions are mixtures of 
one type more or less diluted with the other. 

Pavlov has succeeded in interpretmg much of the 
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activity of the brain in terms of excitation and inhibition. 
His peculiar success was due to his perception that 
degrees of excitation and inhibition could be detected 
and measured. It is not difiScult to see in a general way 
that behaviour can be explained in terms of a combination 
of excitation and inhibition, but it is difficult to discover 
manageable forms of action controlled by the brain, the 
existence and strength of which can easily be discovered 
and measured. 

Pavlov’s method of investigating the conduct of the 
brain came to him in an inspiration which reminds one 
of Napoleon’s into the conduct of war, “An army 
marches on its stomach”. Pavlov observed that the 
activities of a dog’s brain are manifested in its stomach, 
and in a remarkably manageable form. 

During his investigation of the secretion of digestive 
juices into the stomach, Pavlov noticed how much so- 
caUed mental activities affected the kind and quantity 
of the juices oozing from the glands into the stomach 
The mere sight of the food influenced the secretion, and 
the various juices came into the stomach m quantities 
which made a special mixture suitable to the nature 
of the food It was as if the dog had said “Ah ! that 
approaching cereal, I must have plenty of suitable 
jiuces ready to digest it”, or : “That is meat, I must have 
my special stomach mixture for meat ready”. These 
variations indicated that the higher parts of the dog’s 
nervous system including its bram were influencing the 
composition and quantity of the digestive juice mixture 
in the stomach. Pavlov saw that the measurement of 
the rate of secretion of digestive juices might be made 
to reveal information of what was going on in the brain. 
Then he remembered the happy fact that not all digestive 
juices are discharged in the stomach: there are the 
secretions of sahva into the mouth. So he decided to 
make mouth- watering reveal the operations of the brain I 
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Having made has digestive investigations with dogs, 
he decided to continue v-ith the same material. The 
bram of the dog is much simpler than the human but 
with its main features By confimng himself to dogs, 
he made the data of investigation simpler and easier 
to control, since dog-life is comparatively simple, and 
dogs have no social traditions which might prevent 
them from being used as material for tedious and 
peculiar experiments 


XLVI 

THE DOGGY MIND 

The dog stands on a small table in a sound- and light- 
and in fact stimulation-proof chamber. Three com- 
fortable supports keep him steady. The duct from the 
salivary gland is arranged to discharge its juice into two 
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fine tubes instead of into the dog’s mouth. These^ 
tubes carry the juice to two measuring apparatuses: 
A for measunng the rate at which the saliva is secreted, 
and B for measuring the quantity secreted. 

To study the dog’s brain machinery Pavlov has only 
to manipulate objects of food interest inside the chamber 
and see what happens Almost any object can be made 
to signify food. For instance, in the Castle Moat at 
Wells in England there are some swans who puU a bell 
at 4 p m. every day for food The ducks in the moat 
spend a good deal of time during the day jumping out 
of the water trying to reach the beH-puU, easily accessible 
to the long-necked swans They have all learned that the 
bell-pull IS significant of food In the same way a dog 
hcks his chops, and sahvates when he hears the cook’s 
footfall outside the door, bnnging his meal. He does 
so before he sees the food — ^in subjective language he 
knows the footfall means food. 

If the cerebrum is surgically removed from a dog’s 
brain, these reactions do not occur. Evidently the 
dog’s inteUigence depends on the activity of the cere- 
brum. When that is absent the dog is unable to recognise 
food. It eats only what food is placed in its mouth and 
•the pressure and taste of it inside the mouth stimulates 
the eating reflexes to function. Newly-bom baby dogs 
also are unable to recogmse food. They do not under- 
stand meat is a food until they have eaten it several 
times, perhaps in inutation of their mother. Once the 
meat is in their mouth it stimulates the eating reflexes. 
Later, the puppy recogmses meat at sight and waters 
his mouth Evidently the cerebrum which at first had 
never had the experience of acting m relation to meat, 
later had a trace of former activities regarding meat, and 
so caused the sahvary glands to secrete at the appearance 
of meat Experience causes a dog to employ its cere- 
brum in the control of its mouth-watering. 


VOL II E 
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Pavlov calls the automatic reflex of eating and sahvat- 
ing stimulated when food is placed in the mouth, an 
unconditioned reflex. It is not dependent on the cere- 
brum because it appears in decerebrate dogs, and in 
baby dogs whose cerebrums have never been used in that 
connection 

He called the hcking and salivating reflex activated 
by the cook’s footfall, the sight of meat, of a bell, etc , 
a conditioned reflex. The unconditioned reflex of eating 
has been conditioned to act on the occurrence of an 
event such as hght or sound which has in itself nothing 
whatever to do with food. Those parts of the cerebrum 
utihsed in the interpretation of sound, of hght, or touch, 
etc., are active when a dog’s mouth waters at a sound, 
hght, touch. Therefore the rate and degree and manner 
of mouth-watering must be related to the nature of the 
activities of these parts of the cerebrum. 

Conditioned reflexes are estabhshed by presentmg 
a sensation to the dog immediately before giving it food 
For instance, a metronome ticking a hundred ticks a 
minute is started for a certain period, and then food 
is given Presently the dog begins to sahvate as soon as 
the metronome is started. After a number of trials the 
eatmg reflex has been conditioned to react to a 100-a- 
minute metronome beat, and gives always about the 
same number of drops of sahva at the same rate as soon 
as the tickmg starts. 

Now what happens if the metronome is set to tick 50 
times a minute? The dog does not sahvate when the 
metronome is started. The sound-receiving part of the 
cerebrum has not associated a 50-a-mmute ticking with 
food By increasing the ticking rate gradually, it is 
possible to determine the power of a dog’s brain to 
distinguish between rhythms. At 97 to the minute, 
sahvation appears, proving that the dog can distinguish 
between a rhythm of 96 and one of 100 to the minute. 
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This power of rhythmic discnmiQation greatly surpasses 
that of the best human musicians. 

If a circle is presented to the dog before food, its brain 
learns to cause sahvation at the appearance of the circle. 
If a very elongated elhpse is presented, there is no saliva- 
tion. The elhpse is gradually made rounder, until the dog 
mistakes it for the circle, and salivates. The ellipse is then 
mne units long and eight broad. When the hmit of dis- 
crimination IS reached the dog shows signs of mental dis- 
tress. It howls at its problem in come sections, and may 
even have a general nervous breakdown in the attempt 
at solution. Bromides serve to calm his excited nerves, 
as effectively as in any overwrought schoolboy examunee. 

Pavlov confirmed Gabon’s demonstration that dogs 
have a greater range of hearing than humans. They hear 
the note of a Gabon whistle which is too shnll for human 
hearing and can hear lower notes than we. (A dog will 
answer a blast on a Gabon high-pitch whistle and come 
running to his master, when no person standing by can 
hear any sound at aU). The same techmque demonstrates 
that dogs have a poor sense of colour but can discrimin- 
ate shades much better than humans. They can tell the 
difference between two shades of grey quite indis- 
tingmshable to human eyes 

Smell is the most interesting sense for investigation 
in dogs. The area of brain devoted to smell-impressions 
is relatively very large in the dog and small in humans. 
The world of smell is therefore particularly poorly known 
by us, and it would be interesting to learn something of 
the character of the dog’s highly-developed smell-world. 

Unfortunately, to determine what is a standard smell 
is difficult. The essence of Pavlov’s technique is quanta- 
tivity, that is, accurate defimtions and measurements of 
aU features in his experiments. Until smells of standard 
quantity and strength can be produced, an accurate 
analysis of the smelling powers of dogs cannot be made. 
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When a dog has been trained to expect food after a 
slight electiic shock, its mouth salivates the same 
quantity and at the same rate each time the stimulus 
IS administered, if food always follows the response 
If the stimulus is given, but no food follows, the saliva- 
tion decreases until after a number of experiences the 
dog ceases to sahvate after the stimulus. He apparently 
has learnt to take no notice of the stimulus even if in 
the past it meant food. Thus the stimulus now draws 
no response. The messages through the nerves from the 
place of shock to the brain have not proceeded on to the 
nerves going from the brain to the sahvary glands They 
have been obstructed, or inhibited, while in the brain. 

The necessity for the techmque of inhibition is clear, 
for if an organism reacted to all stimuh it would always 
be in a chaotic condition Inhibition is, as it were, 
what shapes excitations into harmonious actions. It 
corresponds to the principle of natural selection in the 
society of growing orgamsms, weeding out and suppres- 
sing those inharmonious with the rest. Things destruc- 
tive of inhibition such as nervous disease, or drugs hke 
alcohol or strychmne, destroy the balance of the organ- 
ism and reduce it to a chaotic plunging or a contorted 
mechamsm 

When the dog has been tramed to salivate after an 
electric shock, and this conditioned reflex has been 
extinguished later by not giving food after the stimulus, 
the brain-centres concerned with the sense of touch 
have inhibited the customary message from that part 
of the brain to the sahvary ^ands Pavlov noticed that 
this inhibitory process originating m the touch-centres 
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of the brain had a tendency to spread to adjacent centres, 
so that other activities besides a trained tendency to 
salivate after this kind of electric shock become inhibited. 
The dog became drowsy, and if the inhibitory tendencies 
of its brain were strong, it might fall asleep on receiving 
the shock, and commence to snore ! The tendency of 
people to fall asleep over books or yawn over bonng 
tasks IS due to a similar mechamsm. 

Pavlov explains sleep as a wide spreading of inhibition 
in the cortex. Most of the stimuh falling on the ammal 
reach the cerebrum and interfere with themselves or 
each other in such a way that no action results. His 
experiments suggest there is no such thing as pure wak- 
ing and pure sleeping. At any moment, more or less 
of the centres in the cerebrum are inhibited. If many 
are inhibited the animal is asleep If one or more is 
active and deahng with incoming stimuli with a view to 
further action the animal is awake Thus the mother 
nursing her baby who hears its slightest movement m 
the mght is not wholly asleep, only her brain centres for 
sight, touch, etc , are inhibited, not her centre for hearing 

Between all the stages of ideal entire waking, and 
ideal entire sleep when the cerebrum is completely 
inhibited, there are many grades of mixture. When 
the mixture of excitation and inhibition in the brain 
IS of unusual constitution the ammal shows unusual 
behaviour. For instance, some of Pavlov’s dogs fell 
into trances After receivmg the stimulus the ammal 
suddenly became stiff and still on his stand In this 
condition the centres in the cerebrum were inhibited 
so that no notice was taken of most incoming stimuh, 
but the lower centres in the cord and brain were not 
inhibited, for they kept the animal in balance and erect. 
This IS the condition of hypnotism, and is brought about 
by subjecting the animal to stimuh whose normal 
responses have been extinguished by lack of reward. 
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SO that they produce an inhibiting effect. Stimuli whose 
meanings have been destroyed and have therefore become 
senseless are those which tend to hypnotise Hence the 
meaningless passes of the hypnotist The patient’s 
bram can make nothing of them and the concentration 
on nonsense and therefore insoluble problems gradually 
inhibits parts of the brain until the condition of hyp- 
notism is mduced. 

Pavlov and his colleagues hope to refine these experi- 
ments by reducing the area of inhibition so that the 
hearing centres are left uninhibited. If that could be 
done the dog would presumably be suggestible and 
when put m a trance would obey spoken commands. 

Inhibition is due to the splitting and interfering of a 
message from a receptor to the cerebrum. In decerebrate 
dogs inhibition is greatly reduced. The animal will 
continue to give reflex responses, or take notice of 
stimuli which have lost their meamng, or are meaning- 
less. Every time a sound is made the animal lifts and 
turns its head to investigate. This response is not 
dependent on the cerebrum. A dog with intact cerebrum 
soon learns to ignore sounds, not followed by sigmfi- 
cant action. Thus ignoring stimuli is a positive process, 
an activity in the highest part of the brain. The fixed 
inhibited expression of boredom is due to a positive 
activity in the cerebrum. Perhaps this is why boredom 
is so tinng The discovery has great industrial interest. 
It suggests boring work is exceptionally tiring and hable 
to make the operative unhappy. High wages cannot 
alter the nature of boring work. They may act through 
the fundamental reflexes of self-preservation as a 
stimulus which overbears the inhibition caused by 
monotonous tasks, but though they conceal the inhibit- 
ory reflex they do not destroy it. 

Concentration is revealed as nothing more tbau a 
scattered sleep. In deep concentration on a problem 
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the unengaged centres of the subject’s brain are inhibited. 
He becomes obhvious of the passage of time, of noise, 
of hunger In spite of strong excitation of some centres 
others are inhibited or asleep When Thales fell into 
the ditch during his meditation on the stars he was really 
walking in a fractional sleep. 

Sleep IS revealed, then, as a positive activity m the 
brain caused by stimuh flowing into it. We may suppose 
that ordinarily most of these stimuh come internally 
from fatigued muscles, but they may come from external 
stimuh which prove to be monotonous for the animal. 
Sleep IS not an absence of activity, a draimng away of 
energy from the brain It is an organisation of energy 
to prevent the muscles and tissues of the body being 
used for a period, so that they can have time to repair 
loss of fat and tissue through use. But it is not neces- 
sarily associated with muscular fatigue. Muscular 
fatigue is only one of many stimuh capable of mducing 
sleep, though it happens to be the one most commonly 
operative 

During the thirty years of investigation into the 
activity of the cerebrum of dogs Pavlov has accumulated 
sufficient data for a classification of their nervous 
systems. His scheme is similar to Hippocrates’ classifica- 
tion of human temperaments. Dogs can be described 
as choleric, sanguine, phlegmatic or melanchohc. The 
choleric show strong excitation ; a small stimulus causes 
a large response In difficulty they cannot inhibit their 
actions and lose control, showing temper The other 
extreme, the melancholic respond badly to any new 
stimulus, they become inhibited, shrink against a wall 
and creep away with their tails between their legs. The 
lack of active response due to inhibition is misleading, 
for the casual observer assumes the dog shnks away 
because it cannot take in the new situation, and is 
stupid. Experienced school teachers are aware that the 
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bnghtness and activity of the choleric excitatory type 
often prejudices the casual observer in their favour. 
But this type being under-inhibited has difficulty in 
learning, and tends to exploit the bnghtness of person- 
ahty in its favour. Its pecuhanty is best employed where 
swift action is necessary. In business management, the 
army, joumahsm, etc , swiftness is more important than 
perfection of response, and the choleric excitatory types 
are happiest in these professions. 

The over-inhibited animal has often great powers of 
discrimination. If it can be given stimuh whose responses 
are not smothered by inhibition, it is sometimes capable 
of very subtle behaviour Pavlov had an astomshing 
mstance of this in a bitch so inhibited that when the 
kindliest approach was made it shrank and crept away. 
For months the expenmenters tned to find some stimulus 
to which it would learn to respond, and give a condi- 
tioned reflex, but without success. She was nearly given 
up as hopeless. In the end they did manage to persuade 
her to respond, and afterwards she learned new reflexes 
with unequalled speed. In honour of her superiority 
in cleverness over aU other dogs in his experience, 
Pavlov named her “Brains”. The extremely shy 
inhibited type of person may prove to be the best of 
learners He may indeed learn an artificial aggressive- 
ness and change from a retiring to an apparently pubhc 
personahty. The complex inhibitions which so hampered 
him in the first efforts of learmng serve him later as a 
powerful critical abihty. Such is the type which learns 
hardly, because it is too cntical and sees too clearly the 
difficulties The swift learner is often under-inhibited and 
is facile because the stuff in his brain is too easily excited. 

In his subhme investigations Pavlov commences from 
the fact that the bram is made of nervous matter funda- 
mentally similar to all other nervous matter, he assumes 
that the stuff of the brain responds to stimulation as 
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any other nervous stuff so responds The matter of the 
brain is excitable. From this fundamental quality of 
brain-stufif, the phenomena of inhibition are explained 
as obstructions or interferences of an excitation with 
itself From the concepts of excitation and inhibition 
concentration, sleep, boredom, alertness, hypnotism 
and neurosis are in outline seen to be deducible. Pavlov 
does not require to incorporate a single mental concept 
in his description of the phenomena characteristic of 
intelligent behaviour. His work suggests the possibility 
of an objective description of the behaviour of the higher 
animals. The whole of the behaviour of man and all 
other organisms is capable m the ideal of being described 
entirely in terms of excitation and inhibition Human 
behaviour to the objective observer is in principle com- 
pletely describable in these terms The human brain is 
probably too comphcated for its description ever to be 
elaborated fully, though the assumption that it is incap- 
able ever of knowing all knowledge is too easily made. 
If the universe is fimte and the human brain is finite, all 
possible relations between them cannot exceed a fimte 
number, so that the total quantity of possible knowledge 
IS finite and knowable. The novehst should attempt to 
depict a world whose inhabitants knew everything there 
was to be known about it and themselves, and who 
hved therefore always withm a fimte cycle of possibilitiesv 


xLvni 

APES 

The races of apes and monkeys are slowly dying They 
are possibly rather degenerate descendants of their 
ancestors, and the ape-like ancestors of man were of a 
type superior to them. But apes sufficiently resemble 
man’s primitive ancestors to indicate what they were hke. 
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In spite of a vast amount of observation of apes so 
admirably summarised in Yerkes’ great book, there 
have been few exactly performed investigations of the 
mentality of apes. Those of Mme. Kohts, of Moscow, 
and Professor Kohler, of Berlin, are particularly notable. 
AH of Mme Kohts’ experiments were made with one 
chimpanzee called lom Her work is a beautiful demon- 
stration of what ability can do with httle material. 

Mme. Kohts made a profound mvestigation into the 
perceptive ability of her chimpanzee by training him to 
match objects presented to him. She sat at one side of 
the table and loni opposite. She presented hun with 
stops of coloured material, and lom had to pick out 
from a number one that matched. If he succeeded he 
was immediately allowed to play games of chasing, 
wresthng and catching These seemed to give him his 
greatest joy. He was not pumshed if he failed, except 
that he was not allowed at once to be free to play. 
By systematic trials Mme. Kohts demonstrated that 
her chimpanzee could discnminate between thirty 
colours In her experiments six were shades of red, 
four orange, three yellow, three green, two sky-blue, 
three blue, six violet and three purple He could dis- 
tinguish twenty differently coloured objects from a 
jumbled pile, and he could distinguish pairs of these 
colours. He could distinguish drawings of objects and 
letters, figures such as circles, ovals, twelve-sided poly- 
gons, octagons, pentagons, squares, rectangles, tnangles, 
rhombuses, trapeziums and sectors, solid bodies such 
as spheres, cylmders, cones, cubes, various pyramids 
and pnsms, and simple combinations of plane figures 
He distingmshed between heights varying by seven 
milhmetres, and intervals of twenty-two millim etres and 
thicknesses of five millimetres. Smaller objects were 
distmguished more easily than large. 

She writes that these experiments show the chimpanzee 



APES 


331 


IS capable of complicated exact and fine visual percep- 
tions comparable with those of a human child of corres- 
ponding age and far better than is necessary in its 
natural life. He finds the first notion of identity between 
two objects difficult, but once he has it recognition 
is quick if at all He is very quickly tired and finds the 
notion of similarity very difficult. He can abstract 
colour from size and shape, being able to perceive the 
resemblance between bodies of identical size and shape 
but difierent colour, and he can abstract shape from 
size and colour. More difficult abstractions such as 
counting he could not achieve (Plate XXVI) 

In his expenments, Kohler exploited chimpanzees’ 
desire for food to expose the quality of their intelligence. 
He placed food beyond their reach and leh vanous 
implements in the cage for the animal to assist himself 
with They found out how to use sticks to knock down 
suspended bananas. They piled up boxes until they 
could reach the bananas, and they understood that 
bananas beyond the cage but with pieces of string 
attached could be drawn into the cage if the string were 
accessible Some chimpanzees discovered that parts 
hke those of a fishing rod could be put together into a 
long pole which would serve to reach the bananas. 

Though they could perform these feats they showed 
no insight into the laws of mechanics. They never could 
learn that a ladder must lean against a wall and not 
be pushed up vertically, if it were not to fall over when 
climbed. They could solve problems only when all the 
matenals were in sight. They rarely searched for a 
suitable implement not before them. This fact indicates 
that the chimpanzee has httle power of calling up images 
of things it has previously used, its visual memory is 
operated only by the appearance of the thing itself or 
something like it. This is proved also by the social 
behaviour of chimpanzees. They love company and 
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are keenly interested m the behaviour of members in 
the herd and in sight But a member of the herd out of 
sight IS soon forgotten. A chimpanzee mother is most 
attentive to her baby and will cherish it for days even 
after it is dead If the corpse is taken away she soon 
forgets all about it 

The activities of apes are in general very direct 
expressions of emotions The range and character of 
ape-emotions is demonstrated in Mme Kohts’ wonder- 
ful photographs of lom Here is an emotional expres- 
siveness near to the human (Plate XXVTI). Though apes 
have no language, that is, word-sounds as symbols of 
things, they have a wide range of sounds for emotional 
expression Kohler describes the remarkable quality 
of the herd-cry against an evil-doer He says it has 
an alarmingly reministic tone of disapprobation Unfor- 
tunately It IS raised over the slightest misunderstanding, 
as over the greatest crime, and the apes that saw nothing 
and knew nothing of the occurrence were just as violently 
disapprobative as the others ; a phenomenon too familiar 
in other realms 

The reaction of chimpanzees to strange animals is 
extremely interesting Kohler’s apes were terrified by 
the appearance of cows and camels, and the apparitions 
acted hke a purge. Even more interesting, the apes 
were terrified by grotesque toy animals with goo-goo 
eyes. The apes piled themselves up in the most distant 
comer of the cage and struggled to bury their heads as 
deeply as possible in the struggling mass away from the 
terrible object 

These facts suggest the necessity for care m the gift 
of grotesque dolls to children, and reveal perhaps a 
method of discovenng why strange masks and effigies 
are so important in the rites of savages. Kohler found 
the apes were terrified when he put a Cingalese mask 
-over his head 
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The demonstration of the emotions of jealousy was 
beautifully made by baboons m Mme. Abreu’s great 
collection of apes m Cuba One always hid is wife when 
any man approached, but did not trouble to conceal 
her from women. Mme Abreu brought a Catholic 
priest to see him, to observe whether he would mistake 
the pnest in his cassock for a woman, but apparently 
he was not deceived. 

Mme Abreu had an adult male chimpanzee who fell 
in love with a fair-haired kitchen maid To save the girl 
from embarrassment one of the assistants fastened a 
screen over the kitchen door. This assistant had previ- 
ously been very friendly with the chimpanzee, but some 
days later he was attacked viciously The ape afterwards 
never could look him in the eyes again. 

The apes are emotionally close to humans. Their 
deficiency is in intellect, and this weakness is allied to 
their inability to summon images in their minds Not 
being able to raise these images they cannot meditate 
and reason much. Man’s superionty is due to the 
capacity of his intellect, which is directly related to the 
superior size and complexity of the highest part of his 
brain, the cerebrum When stunted in intellect man is 
an emotional being almost indistinguishable from an 
ape, which is worth consideration by those tempted to 
depreciate the intellect. 


XLDC 

THE MIND 

There is no direct evidence whatever that life exists 
except on the Earth. In the gigantic extent of the stellar 
Universe there is to us virtually no evidence of life 
Perhaps the oxygen in the atmosphere of some of the 
planets indicates they bear life, but apart from this we 
have no reason to beheve life exists except on the Earth, 
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and merely on the surface layers of that. Those who 
argue that life is a characteristic of all things and that 
the human mind has evolved from an element of mental- 
ity inherent in all matter have to explain why life should 
appear on such a trivial scale As A D. Ritchie has 
finely said; “If the seeds of life occupy all space and 
time, why are their flowers so few and bnef ?” 

Those inclined to exalt the human mmd too much 
should consider that question. 

Smce we all carry, or are supposed to carry, minds 
about with us, one would expect knowledge of the 
mmd to be the largest of all branches of knowledge 
In spite of our profound behef in the existence of our 
minds we have very vague notions of what they are 
like. Nothing would seem easier than to sit down and 
consider our own min ds. But the results of such investi- 
gations have been so unsatisfactory that some dis- 
tinguished psychologists doubt whether mind, or at 
least consciousness, exists. Though mind is difficult 
to define we all believe we know what we mean by it. 
The man who considers his decision to go to the sea 
for his summer vacation wiU explain how he thought of 
various places and chose to go to a particular one. He 
interprets bis own behaviour in mental terms, thinking, 
considenng, deciding. A physiological observer would 
describe the same piece of behaviour in quite other 
terms. He would report that his friend’s fatigued nerves 
had sent messages to his brain which stimulated old 
nerve-traces made in similar situations in the past. 
These old traces on being activated sent messages to 
the muscles which manipulated his legs in the duection 
of the tourist company’s ticket office, and so on The 
event of a man’s visit to the seaside is described by him- 
self to himself in mental terms, but others describe it in 
material terms. Thus mind and matter seem to be 
different aspects of the same reality. They are exclusive 
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because the aspects of one thing from two points of 
view are necessarily exclusive, but each is logically 
coherent because each is a view of one whole thing. 
According to this idea a man’s brain and his mind are 
different aspects of one reality 

So much for the connection between matter and mind. 

In order to find out what the mind was like, men in 
the past sat down and introspected The very act of 
concentration made the view of the “inner eye” much 
more static than it actually is. Examining this static 
event in the mind, men saw various prominent parts, 
sights, sounds, smells, etc., into which the event could 
be analysed. Consequently the mind came to be con- 
ceived as a construction out of small unchangeable 
parts, bits of red, snatches of sound, traces of flavour. 
The early introspectionists found a static quahty in the 
rmnd, and a definite furniture of sensations, images, 
etc. The concentration on these evident entities caused 
them to overlook the possibility of there being other 
well-fumished rooms in the mind, and that at any 
moment the furmture in the rooms out of sight might 
have more influence on the behaviour of their owner 
than the evident furniture. Thus direct introspection 
failed to reveal two outstanding qualities of the mmd, 
its dynamic fluidity and the fact that at any moment 
only a small part of its furmture is apparent. 

The chief activity of the mind, we hke to beheve, is 
thinkmg. It is almost exact to assert that apes can 
think only when the objects about which they think 
are in sight. With them the things with which thinking 
is done exist only when the thing thought about is 
there This means that an ape’s thought of a stick is 
something which is in his mind only when he sees the 
stick before him In primitive thin kin g the sight or the 
sensation of a thing is similar to the thought of it Begin- 
ners hke to have visible objects before them to think 
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With : that is why teachers draw diagrams on the black- 
board At a more advanced stage the thinker can 
dispense with the immediate sensation of present objects 
and work with the images of them He can call up 
images in his mind from his memory and think with 
these. Engineers particularly tend to experiment with 
images in their minds, and artists also. In still more 
advanced stages of thought, images are dispensed with, 
as in the higher mathematics. Thoughts appear to be 
representations in the mmd of things In early forms of 
thinkmg (not by any means therefore the least important) 
thoughts are pictures of these things, later they are 
remembered pictures or scraps of parts of pictures, and 
as the thinking becomes more abstract the pictures or 
images become less important, until they appear rather 
as disjointed and not very relevant flotsam on the 
surface of a rushing stream of mental activity. At a later 
stage the rehcs of imagery disappear and the stream 
of abstract thought flows on, invisible 
If thoughts based on sensation are a necessity for 
mental activity, ammals lower than apes cannot be said 
to have minds which work Such animals do not seem 
to be able to handle pictures in their minds and discover 
relations between them, e g , that one stick will fit into 
another. They have pictures in their minds, but each 
exists without relation to the others Each picture has 
a pre-eminently emotional meamng and the ammal is 
capable of reahsing the emotional meaning of two 
mental pictures even if he is incapable of seemg relations 
between the two pictures. Hence one mental picture, 
say of a tiger, gives him fear , another of his master, 
affection, and so on The ammal does not attend to 
what the other animal or man is hke, but to the emotions 
these raise m him This sort of thinkmg not of thmgs 
but of the emotions these things raise, is the most 
pnmitive of all forms of thought. Humans fall back 
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on it very much, as, for example, when the lady says: 
“Mr. So-and-so gives me a funny feelmg”, she is 
considering the emotions that the man raises in her, 
not the nature of the man But it often happens that 
this primitive machinery produces in mdividual cases 
better results than the apphcation of more advanced 
methods of thought The lady observes the man and 
the sensory centres of her brain receive messages of his 
appearance, inflexion of voice and movements The 
disturbance in the brain resonates with the traces left 
from previous experience of impleasant persons, and 
messages leave the brain to the organs so that a feehng 
of discomfort ensues. The disapproval has not arisen 
from an analysis m thought of the appearance and 
behaviour of the man. 

Emotional responses are at the basis of language. 
The animal cries according to the emotions the appear- 
ance of things raise in h im. If he cannot proceed beyond 
emotional representation of things, he can register only 
the feehng these things raise in him, not the characters 
of the things. For instance, he registers tiger as terrible, 
not as striped Similar processes occur in the infant up 
to about eighteen months. The cries he makes are 
emotional registrations of his responses to situations. 
Suddenly the child begins to increase its vocabulary and 
demands to know the name of everything He has 
switched over from emotional representation to objec- 
tive descnption, he now utters sounds representative 
of the characters of the things, the word “chair” is 
learnt, for instance, and everything hke a chair is called 
“chair.” He is perceiving the objective similanties in 
things The infant commences that marvellous rushing 
pursuit of knowledge which initiates him into the use 
of language In a short period all the fundamental 
words of the language of the country and class in which 
he lives are sunk into his mind, not only the bare words 
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but the pecuhar sentiments and pronunciations associ- 
ated with them by the membeis of his social environ- 
ment. He swiftly and deeply learns a techmque of 
communication which is a product of unconscious 
evolution The evolution of language has been almost 
as unconscious as that of an embryo He grasps, necess- 
arily without reflection, this fascinating but gnarled 
product of evolution, neither he nor his relatives and 
teachers considering at all whether the technique of 
conamunication he is learmng is modern He is in the 
position of a person who has just discovered he can 
nde a bicycle and rushes off to buy the first he can find, 
irrespective of whether it is new or of the latest design. 
It IS a bicycle and gets him along somehow, that is 
enough He takes it, with aU its defects. The language 
he learns is the unconsidered end-product of an evolu- 
tion from the sound-communications of ape-hke 
ancestors. The immemorial words change less quickly 
than the entities they represent, until to-day we find 
words are often extremely rmsleading assistants in 
complex thmking A colossal quantity of philosophising 
upon every side of life is entirely vitiated because persons 
use words quite unsuited to describe the things they are 
discussing, as if men must always sculpture with a hatchet 
because that was (perhaps) the first instrument used for 
the purpose. The importance of these problems has 
been emphasised by C. K. Ogden, who demands and 
has initiated a fresh study of the fundamental nature of 
language to reveal how it may be improved, or at least 
that men should understand the nature of the verbal 
tools they use. The defects of language are revealed by 
the inventions of algebra. In mathematics where the 
margin of permissible vagueness is usually small, the 
clumsiness of traditional language was too great to be 
borne, and a new, more appropriate one was mvented, 
still semi-uttconsciously, but enormously more con- 
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sciously than the traditional language has been Ogden 
cites the immense importance of the words “good” 
and “bad”. These are learnt in the cradle to apply to 
thmgs “ permitted ” or “ not permitted ” Many years and 
often lifetimes pass before the person inquires “per- 
mitted by whom, and why?” Not having considered 
why some thmgs may be good or bad, nothing happens 
in has mind except a feehng of goodness or badness when 
the words are applied to a thing or event by one of his 
social herd. He is no better than the ape who “feels 
bad” because a member of his herd has emitted a cry of 
discomfort. Wonderful though our partly subtle and 
partly clumsy language is, the majority of people operate 
It as if it were little better than a collection of ape- 
noises. They utter a large variety of sounds but do not 
reahse that this does not necessarily imply there is a 
corresponding large variety of thoughts behind it. Much 
of our conversation and discussion is that of somnam- 
bulists, somnambulists of the intellect talkmg m an 
eternal intellectual sleep 


L 

EMOTION 

A man’s character depends on his emotional qualities, 
and these depend on the nature of his nerves and glands. 
Successful action is rarely accompamed by strong emo- 
tional feeling, for instance, a confident golfer suffers 
much less than a diffident in a golf competition. It is 
well known that a “steady temperament” depends on 
“nerve”, and some men are particularly good “big- 
match” players because they do not (as the majority) 
play less well under distracting conditions An accepted 
lover is much less agitated than an unaccepted Emotions 
seem to be the accompaniment of unsuccessful actions 
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or difficult situations, the warning of the organism to 
make a special effort to solve the problem 

A man is confronted by a burglar. He is instantly 
excited and he tends to think more clearly or confusedly, 
and certainly more actively Describing the situation in 
physical terms his heart is stimulated to beat more 
quickly both by nervous messages and the secretion of 
adrenahn into the blood What to his mind is an emotion 
to his body is a quickening of tempo. The same physical 
changes are demonstrated by the psychogalvanic reflex, 
which will detect a difference in a man’s physical condi- 
tion corresponding to the emotion in his mind when he 
sees a beautiful picture 

Strong emotions of pleasure and success never last 
long This suggests they have to do with the removal 
of a stram in the mind As everyone knows, famihanty 
with the greatest success always breeds contempt The 
successful come to realise they were born with capacities 
sufficiently good to be successful, and that their achieve- 
ments were not particularly creditable It was probably 
no harder for Shakespeare to be Shakespeare than for 
George III to be George III Einstein has said that his 
discoveries came without exceptionally severe mental 
labour. 

The association of emotion with interruption in the 
mind shows why mental conflicts are accompanied by 
anxiety. When one tendency in the mind fails to com- 
promise with a contrary, it sometimes overlays the other 
as if It were not there. The physical aspect of the process 
is inhibitory. Two excitations in the cortex are active 
but one takes precedence. Then the mind experiences an 
emotion of anxiety due to a conflict between tendencies 
only one of which it is aware The anxiety may be 
ascribed to a wrong cause, for instance, a man who will 
not admit to himself that he has fallen in love with his 
typist, may always complain at home of smelling 
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imaginary gas-leaks. He lias interpreted the anxiety 
from his conflict of affection as due to dangerous gas 
escapes. 

Those mental experiences called belief and doubt 
are emotional. The first is due to the disposition, which 
IS related to the character of his nervous physical 
organisation. When a man is described as sceptical, 
bigoted, prejudiced or changeable, the character of his 
emotional disposition corresponding to his nervous 
organisation is bemg descnbed When a man has an 
experience this emotional equipment will immediately 
tend to react according to its character without hts being 
aware of the fact. Feehngs of behef or doubt when 
analysed are found to be emotions of joy or fear Behef 
emotions can be classified into feehngs of expectation, 
bare assent and famihanty. They are less intense than 
the simple fundamental emotions. Nervously, they are 
concerned with parts of the brain higher than those 
concerned with the fundamental emotions In patho- 
logical cases emotions of behef and doubt may achieve 
great strength, often without having a clear notion of what 
IS believed or doubted. Persons drugged with nitrous 
oxide or the American Indian’s mescal have enormously 
strong behefs while under the influence of the drug The 
feeling disappears as the influence of the drug wanes 
These observations are interesting in reference to the fact 
that persons with intense behefs are often of changeable 
opinion. 

They behave as if a drug were secreted in then system 
which while operative made them believe in one thing, 
and as it dissipated, the belief disappeared The next 
discharge of secretion caused the next belief to be held 
with the same exaggerated intensity. Or perhaps the 
behaviour could be conceived as due to short-circuiting 
in the brain. Higher systems of nervous passages sud- 
denly receive an inruption from lower passages con- 
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cemed with the messages of the fundamental leflexes. 
The belief suddenly receives a heavy leakage current 
from the nervous activities associated with the operation 
of the primitive emotions of joy, fear, pride or humility. 
For these reasons, strong behefs or doubts are always 
to be suspected. They may be due to an exceptionally 
harmonious organisation of the mind or brain, so that 
the subtler processes are operated with exceptional 
force. A genius may hold opmions on certain questions 
with an emotional strength of extraordinary order, 
equal to those, perhaps, of an ordinary man’s for his 
mistress This is due to the perfection with which the 
finer parts of his mind co-operate Though each is 
delicate, together they make a strong structure, as the 
dehcate parts of an aeroplane when subtly organised 
produce a structure of surpnsing strength. Exceptionally 
strong beliefs in normal persons are usually a sign of 
leakage of energy from pnnutive into higher emotions. 

When the mind or bram has developed the habit of 
reacting to certain stimuli according to a pattern, action 
occurs before thought. It may be that the thinking on 
the question was done before once and for all, but 
generally the thinking is done very mefiiciently or left 
unfinished. But the action is always the same, as the 
pattern controls. Presently the pattern, whenever it is 
operated in the mind, begins to draw some emotional 
sustenance from irrelevant emotions Because the man 
has a certain mental pattern, an opinion, he receives 
payment from those holding this opimon. Presently 
his existence and that of his wife and family become 
dependent on his continuing to hold the opinion. The 
pattern m his mind, made ongmally with httle clarity 
and strength, begins to receive great emotional strength. 
Perhaps, as time passes, he discovers the opinion is not 
as clear as he believed at first, and that his thinking was 
shpshod. Then a conflict arises with what is now a 
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prejudice, and what he knows to be prejudice, an opinion 
held with a strength disproportionate to the evidence 
for it. 


LI 

THE RIDDLE OF THE SPHINX 

Tbe conflict of desires demands a reorgamsation cf 
opinion if one is not to be inhibited as a unit by the 
other Sometimes the problem of reconciling contra- 
dictory desires is too difiicult for the mind, which pro- 
ceeds in the future to admit the existence of one only, 
and denies the existence of the other so that it does not 
rise into consciousness. When this repression happens 
in a person the motives of his conduct in many situa- 
tions are plam to everyone except himself. He will 
sometimes become an ardent scout master from an 
announced desire to help the youth of his country and 
fellow men ; whereas other persons see plainly that he 
has been frightened of his normal passions for women 
because of the responsibihty and problems the expression 
of them is hable to brmg to him 
The baby is at first entirely dependent on its mother. 
From the beginmng its reflexes are conditioned to its 
mother’s activities. Its mother is the agent through 
which aU its desires are reahsed. Consequently the 
complex of feelings directed towards the mother is from 
the beginning comphcated and strong. Gradually other 
groups of interests for other near persons grow in the 
baby’s mind, particularly for the father, brothers and 
sisters. In the early years the mmd is so informed that 
several strong groups of interests can exist without 
interfering with each other. But as the interests become 
more defined the child begms to realise that they are not 
always compatible. If he is a boy, he may find his 
affection for his father is insufficient to make him 
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acquiesce in the attentions his father requires from his 
mother and which dimimsh the amount of attention his 
mother can spare for him. The httle boy wishes his 
father away and to supplant him Freud believes that 
the desire of the boy to take his father’s place may be 
sexually definite, the degree of the definition being in 
proportion to the child’s knowledge of the Riddle of the 
Sphinx, that is, how he came to be born. Thus the 
child’s theories of his origin are profoundly important 
His understanding of sexual processes may deeply 
influence his attitude to his parents. Ignorance may 
inflame the incipient conflict with his father until severe 
repressed complexes develop. These exist unconsciously 
through his impressionable years and give him an 
unreasonable vehemence against authority, one so great 
that he is inhibited from learmng, since if his complex 
causes him to beheve all authonty is bad, he will always 
be anxious under and resent instruction, just during the 
period of development when his mind is most plastic. 
This great complex is called after the legend of Oedipus, 
who guessed the Riddle of the Sphmx, became a king 
and married the reigning queen, discovering ultimately 
that she was his mother. 

These desires common in children account for the 
existence of many adult perverts. These have not 
succeeded in growing out of early incestuous and 
homosexual tendencies during comparatively innocuous 
sexual immaturity. The necessity for accurate and 
intelligent sex instruction of the young is one of the 
most important lessons to be learned from modern 
psychology 

Repressed complexes often obtain disguised expression 
m dreams. During sleep the operations of the mind 
and brain are different from those during waking. By 
analysis of the patient’s dreams the analyser may be 
able to discover the nature of the complexes upsetting 
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his behaviour. Anyone who attempts to keep a record 
of his dreams will be surpnsed by their frequence and 
vanety Many in the habit of believing they dream 
very little, would be much surprised if they kept a book 
by their bedside and jotted down the elements of each 
dream as soon as they awoke. Evidently there is a 
powerful mechanism of forgetting, which prevents the 
roind from remembermg much of what occurs in it. 
This IS to be expected from the influence of inhibition 
of the bram both in sleep and consciousness. During 
sleep and waking much of the brain is inhibited. Waves 
of inhibition causing forgetfulness are to be expected. 
In Freud’s terminology, forgetting is due to the famous 
Censor, that spirit of the Unconscious who prevents us 
on behalf of repressed complexes discreditable to 
ourselves from remembering disagreeable things. 

The great achievement of modem psychology is the 
demonstration of the extent and importance of uncon- 
scious wishes Different schools of psychologists find 
different sources of motive power operating the mmd, 
but all are agreed on the framework of theory which 
gives unconscious activities a large part in mental 
operations Freud finds the motivation of the nund in 
sexual hbido, though his definition of sex is wide enough 
to include other primary urges. Adler finds the motive 
power coming from the will to hve, the ego. When the 
orgamsm has orgamc defects it makes special efforts to 
overcome or compensate for them by excelling in other 
directions Many men of genius have had serious 
defects, Byron was lame, Newton was an extremely 
delicate infant, Napoleon was unable to hold his own 
as a child, many distinguished men have been impotent, 
and so on If the defective organism cannot discover a 
special abihty of some kind and loose thwarted energy 
into its development, serious disorder may arise. The 
organism relapses mto activities which attract attention 
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irrespective of their value. He becomes ill m order that 
he may receive attention he could not gain otherwise; 
such cases provide a considerable part of the income of 
every medical doctor. 

Jung stresses the immediacy of the origin of mental 
disorders, as agamst Freud’s ongins in infancy and 
Adler’s in constitutional defects The comparatively 
normal person may be presented with moral problems 
too difficult for him to solve, these lead to mental dis- 
order. The function of the psychologist, accordmg to 
Jung, IS to persuade the patient to perceive the nature of 
his disorder, face the facts, come to a decision about 
them and re-educate himself to carry out the decision. 
Jung’s critics say that the patient usually knows what he 
ought to do, but cannot discover why he is unable to 
brmg himself to do it, and this is the problem psycho- 
analysis must solve. 

The ordinary person will recogmse, perhaps, that each 
of these psychologists has made a great contribution 
towards comprehension of the mind For him none of 
the theories will be entirely right except in what is 
common to them aU, the insistence on the importance of 
unconscious motives in behaviour. Nor will he be 
mystified by terms such as the Unconscious, the Censor, 
the Oedipus Complex, etc., the picturesque and stimulat- 
ing terminology for phenomena and mechanisms equally 
describable in terms of the prosaic processes of excitation 
and inhibition. 


m 

THE ORIGIN OF CIVILIZATION 

For a milhon years primitive men wandered over the 
world, leaving by chance their corpses in China, Eng- 
land, Africa, Java, and other scattered places. The 
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fossilised remains have by chance been found in these 
countries, showing that man and his ancestors had 
been there. Evidently natural obstacles of mountains, 
jungles, rivers and seas were not suflBcient to deter 
primitive man from penetrating nearly ever5where. 
If the penetrations were slow, he had hundreds of 
thousands of years in which to make them. During 
this long nomadic penod he hved entirely by hunting 
animals and plants 

His life was devoted to the search for food. Since 
edible ammals and plants do not usually occur with 
great abundance in any one place, the world was for 
him sparsely victualled, and the world-population of 
men very small. The ranty of pnmitive men’s remains 
confirms it With a huge Earth and few people there 
was plenty of room and the primitives were not forcibly 
thrown together in any permanent form of social life. 
It is possible that primitive men under these free con- 
ditions and intensely preoccupied with huntmg had no 
sharp social questions to discuss, and hved together 
amicably. Some influential schools of modem anthro- 
pologists do not agree with the notions of pnmitive 
man as “red in tooth and claw”, they see primitive 
times rather with Dryden’s vision, “when through the 
woods the noble savage ran”. 

Anatole France has written “to think is to be un- 
happy”. Thought appears to have been one of the 
sources of man’s later nusery The desire for life is 
the overmastermg urge common to men, animals and 
all living things. Primitive man in the moments spared 
from the search for food appears to have speculated 
on how he could better preserve his life. He approached 
the problem scientifically. 

Tw o phenomena particu larly impressed him as having 
s pecial significan ce'^for life': bfobd and sex. ^^.mmals 
a nd men (Sle d w hen the y l ost bl ood . Mood therefore 
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was life, a brilliant observation so far as it went. Trans- 
fusions of blood became one of the methods of trying 
to revive the dead, and blood-offerings were supposed 
to vivify other persons, tribes, and later, kings. To 
ensure more life to the gods and hence to themselves, 
blood was let from the life-giving s exual organ of th e 
male by incision, and a simple cut' evoh^ later into 
cifcumcisidm ' Perceiving &at_bloodj.s red, the primi- 
tive spec ulators advanced _to further abstraction and 
ded u^d that hfe depended on rednesL- The mere 
pSSting oi tti e Fody ^with red materials was sufficient 
W]aIsure~irmore_ hfe. . Red~ochre becam^in aport ant 
as a body-^ih. and Jarge quantities'^ it are often 
found in primi tive bunal^aces, and in the-bunal- 
.plag es-^f survivmg ~pnihrB.ve“ped^es such as the Tas- 
manians~a5d~Bushmen in' fecel it Ti mes.' 

' TEeiotEer^ufce'' oT life naturally was associated with 
sex. Women were observed to give biith to children, 
and therefore procreative activities were thought to 
be associated with the essence of life If these activities 
were performed a quantity of the essence of life was 
released m the neighbourhood and entered into those 
requinng vivification Later the essence of life was 
beheved to be associated with objects that looked hke 
. iemale genitals. jCowrie shells which resemble the 
female vulva became objects of life-giving power, 
charms agamst death and bad luck. Cowrie shells have 
been found in so me of th^unai-places^f prinutive men. 

Like the early priimtive men, the Australian abor- 
igmes live by the huntmg of animals and the gathering 
of seeds The seeds of grasses and roots of various 
plants are laboriously collected, but the idea of culti- 
vating seeds in one place to save the trouble of search- 
ing for the wild plants is undeveloped, though some 
Australians used to replant the roots of some plants 
they dug up. They try to make unsuitable roots edible 
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by cooking Jn favi^ ed, Areas, life was lei 5 g„.nomadic. 
The Nile valley was a region of this character anS 'was 
occupied in early times The “gathering” hfe was prob- 
ably hved over most of the Sahara area during the 
immediate post-glacial period when it was a vast grass- 
land region In this penod access to the Nile vaUey 
was easier than later when desiccation made the desert 
almost impossible and isolated the vaUey The nomadic 
peoples probably found wild barley there which caused 
them to restrict their movements and become limited 
nomads It has been suggested that some genius among 
them, observing that the water of the Nile helped the 
barley to grow, thought of extending the areas of wdd 
barley by scooping channels to irrigate more land with 
the river water This was the crucial invention leading 
to civilization, some beheve J f this is t rue, c ivilizat ion 
was pn manly the inventi on of an engmeering genius, 
3H2l2i2L-Qf.a politician, priest or huma mst. Modern 
industrial c iyil izatioa also ow es mo re to engmeSTthan 
pohti cians, bu t , the m odem "inventors did not achieve 
tSe'Tame of tho se of primitive Egyptian antiquity. 
The tendency to remain in the valley of the Nile and 
increase food supplies by irrigation was the curb which 
completed the first suppression of nomadism By livmg 
continuously in one place, the contmuity of natural 
phenomena became more observable. The early im- 
gator on the Nile became aware of the exact periodicity 
of Nile floods and could prophesy their advent. He 
found that the date of the flood coincided with the 
reappearance of the star Sinus in July. His fellows 
concluded that he caused the Nile to flood, since he 
knew when it would occur Being controUer of the Nile 
and the source of food, and hence the giver of hfe, this 
irrigator became a super-man, the first King. The hfe 
of such a potent individual became of great concern, 
for he held the key to the sources of hfe for all 
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Parallel with these settling developments the neces- 
sity for systematic bunal increased In the nomadic 
days elaborate interments of corpses were not necessary 
since they could be left and the group could move to 
another place. The burial procedures of the Palaeo- 
hthic penod existed but were not physically necessary, 
until the settled groups on the Nile were forced to use 
them for samtary reasons Then the corpses were buried 
m the sand with astounding but accidental results. 
The extreme dryness of the climate and sand in Egypt 
often desiccated them. 

Dunng archaeological investigations in 1900, desic- 
cated corpses of pre-dynastic Egyptians were disinterred 
with many of the main tissues still intact. They had 
been preserved naturally for nearly six thousand years. 
The natural preservation of the body must have enor- 
mously impressed the early Egyptians and increased 
belief in the possibility of continuous hfe. In particular 
could the kmgs, those infinitely potent givers of hfe, 
be preserved indefinitely ? If they could be kept ahve, 
visibly or invisibly, and in a good temper, man’s prob- 
lem of existence was solved. The bunal of kings became 
the most important of activities. 

Adopting the naturally given suggestion of preserva- 
tion, the early Egyptians built special graves for the 
accommodation of the source of their hfe. From the 
construction of graves man learnt the crafts of car- 
pentry and building Apparently he thought of con- 
structing graves before houses. This is not unnatural, 
for the grave was to preserve the giver of life itself, 
whereas a house could have been merely for the trivial 
purpose of self-comfort. In interpreting pre-history 
the intensity of the search for the secret of hfe must 
always be remembered. Early man tried to discover 
the secret of creation, and deceived himself that he had 
found it because he desired so passionately. 
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The craft of building was learnt from grave-con- 
struction, and applied later to bam and lastly to house 
construction. The stonng of gram probably came 
before self-comfort, and demanded the invention of 
basketry, from which perhaps pottery evolved later, 
though this is doubtful. As graves became more 
elaborate stonework was introduced, and architecture 
incepted. The architecture and decoration of graves 
were the cradles of the arts, of sculpture and pamting. 

The development of agriculture impressed on men’s 
mmds the relation between green and life. Young 
growing vegetation, the new hfe, was green So green 
ointments and cosmetics became important; vital first 
beautiful afterwards. The bright green mineral mala- 
chite was ground into powder and mixed with resin and 
oils to provide the gieen pigment. Early mummies often 
are decorated with this green colour. As the centuries 
passed the preparers of the green pigment could not 
very well have failed to discover that a bright brown- 
coloured metal was obtamed from malachite heated in 
fires. Copper was discovered, and again the advance 
was a by-product of the search for the secret and pre- 
servation of hfe Experiments with copper revealed 
that It could by beating be given a sharp edge capable 
of cutting gramte The edges lasted only for a few 
strokes, but the effectiveness was sufficient and the 
achievement of the great temples and pyramids became 
possible 

Whether copper or gold was discovered first is uncer- 
tam. The Australian aborigines have no use for gold 
even when nuggets are lying around them, so apparently 
gold in itself does not necessarily attract priimtive man 
It must have a use before it becomes attractive^and the 
first of all uses is the preservation of life. It is suggested 
that there was a shortage in supply of cowrie shells, 
whose supposed life-giving properties have already 
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been mentioned There were not enough of them to 
meet the demand. Imitations were modelled in clay 
and beaten out in that yellow plastic material, gold. 
The advantages of gold charms soon became evident. 
They were more durable and beautiful, and as their 
reputation rose the search for gold developed. The 
Diffusiomst school of anthropologists regard this search 
as a major cause of the diifusion of early culture from 
Egypt and the Near East. They consider the primary 
inventions were made in the Nile valley and knowledge 
of these were diffused by Egyptians and those who 
prospected for further supphes of the newly valued 
matenals. Ultimately, they say, some knowledge of 
the inventions of the Egyptians penetrated India, 
Europe, China, America, and the Pacific Islands The 
origin of Maya designs in Central Amenca reminiscent 
of Indian elephants, ammals not found in Amenca, 
may be explained as the consequence of a trans-Pacific 
diffusion stimulated in the same manner. 

The resemblance of gold to the yellow of the Sun 
was a reinforcement of the belief in its hfe-giving 
potency Before the first settlements in Egypt, man 
had noticed that the sexual periodicity in women is 
monthly, and presumably connected with the Moon. 
The Moon controlled the hfe-givmg function of women, 
therefore the Moon shared in the secret of the nature 
of life. Already havmg this heavy conviction of belief 
in the influence of a celestial body on the human affairs, 
the early Eg 3 q>tians easily added the Sun and Suius 
and the stars to the list of hfe-givers They were pre- 
pared to look to the sky for potent powers, and presently 
imagined that was where the mummified kings went 
to and became immortal Now they had invented the 
gods and the theory of the control of hfe by celestial 
bodies Astrology arose and later bore astronomy, 
a being finer than herself. 
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The propensity of early man for finding elixirs caused 
him to canomse the cow He discovered that humans 
could flourish on cow’s milk and saw that the cow was 
a soufce of nourishment, and a hfe-giver and therefore 
sacred. The cow became associated with the Moon, 
and the sky with the cow, and the sky with the heavenly 
mother. 

A cow feedmg a man is as a vault over him, so the 



Fig 123 The Mother-Goddess being raised up to become the Sky. 


mother-goddess was identified with the vault of heaven, 
and the sky was found to be cow-hke. 

The comphcated problems of forecasting Nile floods 
and celestial movements partly inspired the invention 
of mathematics. As the methods of producing food and 
building materials improved, the problems of the owner- 
ship of goods arose Practical geometry was developed 
for surveying inundated areas so that boundaries could 
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be restored after the floods. Arithmetic was improved 
to facihtate the exchange of property. 

Property had been invented. Before property, the 
Diffusionists say, mankind was essentially peaceful, 
co-operating in small groups to hunt for food, sharing 



Rg. 124. The Divine Cow giving the king divine life in the 
form of milk 


and starving together. The invention of property, 
especially m the means of production, was the source 
of “man’s first disobedience, and all our woe”. Quar- 
relling and competition reared their weedy heads in 
human society 
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The first technique for preserving order among 
the forces loosed by the inventions of civihzation was 
the paternal state Since the king was the giver of 
life everyone in the society had been created by him, 
and all goods his creations had made The king com- 
prehended all He knew the secret of creation and was 
a god, and consequently the head of the rehgion of the 
society. All persons and goods belonged to him. He 
was the owner of everything. His judgment on all 
questions was final and the order of the society depended 
on the umty of his own mind Three thousand years of 
Egyptian civihzation are but variations on this theme. 

In this period the germs of most modem ritual are 
found The ritual of coronation and weddings have 
a common origin in the ntes for the release of life 
essence In the coronation, rites were performed 
with the late king’s mummy, including a kind of 
drama m which the forces of life and death formed 
sides and struggled for possession. Later the struggle 
was restricted to the head of the mummy, and then to 
to substitutes for the head. From these two sides, 
struggling for a ball, modern ball-games evolved 
From another part of the rites drama evolved, and it is 
well known that drama was not completely spht off 
from the Church until about four bundled years ago. 
The spectator at a football match or the theatre is the 
heir of an evolutionary process already active in Egypt 
many thousands of years ago Ei'en the first line of 
the British National Anthem was breathed out of 
Ancient Egypt: “God save our gracious ELmg”, which 
was understood by the Egyptians as “God save my life 
and bring me prosperity”. National flags have an 
equally ancient origin. When a child is bom the pla- 
centa and umbilical cord by which it was attached 
to the mother is discharged from the womb. Prim- 
itive man regarded the placenta as a sort of twin, so 
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the king had always a twin, the placenta which accom- 
panied him when he was bom The placenta was 
beheved to have helped m the creation of the child m 
the womb and therefore was a secret helper, a pro- 
tecting genius. The king had the placenta carried 
with him for protection It was mounted on a standard 
with the umbihcal cord hanging down. In later times 
a representation of them was carried which gradually 



Fig 125. King Narmer of the First Dyoastymritual procession. 
The standard nearest him bears the placenta and umbihcal cord, 
or their representations From a slate palette of 3400 b c , contam- 
mg the earhest Icnown attempt at wntmg which is not simply 
pictonal. 

after centunes was modified into a flag and red, white 
and blue streamers, the royal standard. 

Constantine the Great introduced crosses into the 
comer of his flag after his conversion to Christiamty, 
and imtiated the custom seen, for example, in the 
American National Flag and those of the English Navy 
and Marme. 
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THE DEVELOPMENT OF CIVILIZATION 

According to the Diffusiomsts many elements of 
the culture of the Egyptians spread far across the 
world. Implanted m Crete it became the foundation 
of the civilization that flowered there. The Sumerians 
and the various civilizations of Mesopotamia learned 
the fundamental inventions from Egyptian sources, 
and the Indians and Chinese also 

The Neolithic inhabitants of Europe derived much 
of their knowledge of manufacture from Egypt, and 
the Persians and Greeks received their first culture 
from the same source The Pacific Islanders shov/ 
degraded rehcs of Egyptian practices. When culture is 
difiused It will inevitably be transformed, and 
improved or degraded. The two tendencies are 
shown by the Greek and Mayan developments, for 
the Greeks improved on Egyptian achievements while 
the Mexicans fell below it. The Greeks were a 
superior people for several centuries. A number of 
forces probably combined to produce their achieve- 
ment. The tnbes from which they grew may have been 
of specially good biological material, and one may 
speculate that isolated hfe in the Aegean provmces 
may have generated by in-breeding from mixed im- 
migrating tribes a few strains of particularly fine 
men. These tribes in Greece and Asia Mmor ex- 
ploited sea-trade in the Eastern Mediterranean, and their 
youthful vigour and mteUigence enabled them to capture 
much of it. The Greeks founded a number of cities on 
trade and sea-routes, and squeezed wealth from the 
merchandise passing through then hands. The inter- 
action between their high biological quality and their 
accumulating riches in an environment the reverse of 
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that of Egypt produced a civilization with many new 
qualities The fundamental inventions of civilization 
could have been made, probably, only in an environ- 
ment with many umfonn charactenstics The valley of 
the Nile is unique in the regulanty of its changes. The 
combination of ramlessness with adequacy of water 
supply, the dry air and fertile soil by the river, and the 
almost automatic variations were the perfect cradle for 
the unformed mind of primitive man. The natural 
phenomena of the Nile valley combined variety with 
almost perfect regulanty The unformed imnd was 
exercised m following them and received impiessed 
habits of orderly thinking from an orderly external 
world. Egypt afforded an animated lesson in the nature 
of cause and effect with impressive illustrations too 
immense to pass entirely misunderstood 

The Nile was the source of a system of Egyptian 
exercises for the rmnd. The rigidity of changes in Nilotic 
phenomena which first disciplined the human intellect, 
later paralysed it After humanity had learnt the first 
lesson, that scientific laws exist, it required a rather more 
difficult problem to develop its mind further. 

It could face complex phenomena after the Egyptian 
experience, knowmg that under chaotic experiences laws 
probably existed. But the vast and clear-cut cycles on 
the Nile were simple, and further study revealed no new 
facts, while meditation on then magmtude increased the 
sense of awe and inhibited the curiosity of the intellect. 
Egypt gave the human intellect confidence, even if its 
lesson in the end wearied from lack of development. 

Men in other places having learned from the Egyptians 
the confidence to question phenomena could now face 
the ficklest environments without losing then intellectual 
nerve, and in the struggle with bafflement strengthen 
then minds. The Greeks around the Aegean Sea were 
in this situation. The collection of islands connected 
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by ships dependent on the wind was as a unit at the 
extreme of difference from the uniformities of the Nile 
valley The Greeks were required by their environment 
to be nimble-witted. Biological chance had given them 
good brains, and Egypt had whispered her superb secret, 
that natural laws exist The interaction of these thmgs 
produced the Greek civilization. The Greek burgled the 
intellectual riches of Egypt, and submitted each gem to a 
fresh and penetrating scrutiny. They saw immediately 
that there were relations between these gems, that 
empirical facts could be summarised in theories, and 
set in a network of reason. The Egyptians had been 
too near to the intellectual mines to stand back, and 
perceive that the relations between facts were as important 
as the facts This great achievement of the Greeks was 
the appreciation of the importance of relations and the 
necessity for observing the relations between phenomena 
as carefully as the phenomena. It is almost incon- 
ceivable that they could have done this if they had not been 
a culturally infantile people coming freshly on the load of 
facts the Egyptians had been exhausted in discovering 
In their not of meditation on facts mamly discovered 
by others the Greeks evolved the germs of modern 
thought. They distilled theoretical out of empirical 
science, pure out of empirical geometry, and philosophy 
out of practical magic. The creative period of the Greeks 
was not long enough for the balance of their minds to 
be demonstrated. Historically they were too theoretical 
and underestimated the importance of accuracy in 
accumulating experimental data and fact Aristotle 
could organise the collection of data but not the experi- 
mental treatment of it. If they had flourished longer 
the deficiency might have been made up The facts 
they had perhaps got too easily, were under-esteemed, and 
their social orgamsation of slavery prejudiced them against 
manual operations and hence agamst scientific experiment. 
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The CicefiE' acflgio tt eyi^ empirical investigation was 
one of the causes of the nse of Roman power The 
practical Romans did not follow the intellectual phan- 
tasying of the Greeks, but concentrated on economic 
problems. By their time the productiveness of manu- 
facture and the area of the settled world had increased 
so greatly that an absolute state-system could afford to 
be flexible The improvement of hfe in Roman com- 
pared with Egyptian times is perhaps due more to an 
increase in material wealth than advance in human ideas. 

After the Greeks the next great originators were the 
Arabians. They were the first to develop systematic 
methods of expenmental science They made conscious 
researches in chemistry which produced the new collection 
of facts from which the theories of modem science 
evolved They bore rather the relation to the modern 
world of the Egyptian to the Greek. 

The Renascence expressed a crisis in the steady expan- 
sion of wealth in the Western World But the 13th- 
century mtemal trade and commerce between Europe 
and Asia had crystallised fresh deposits of wealth, 
especially in Italian cities The optimism generated by 
increasing wealth disinhibited the human spirit, and 
successful gam stimulated the search for more. The 
intellectual courage born of economic improvement 
enabled the Renascence men to understand the Greeks, 
and the spirit of search most evident m sea-voyages 
designed to discover riches also was expressed m a revival 
of intellectual research The Italians learned the art of 
thought from the Greeks and of practical experiment 
from the Arabians. 

The steady improvement of the technique of produc- 
tion and the appreciation of the gifts from the Greeks 
and Arabians moulded the Renascence into Modern 
man, and bred the embryo of modern society 
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MODERN SOCIETY 

Man wishes to live Civilization was a by-product of 
his attempts to discover short-cuts to eternal life. 
He painted himself red and green and searched for gold 
out of which to fashion charms against death and 
starvation The life-desire caused him to invent kings 
and believe they could bestow life and prosperity. Out of 
his efforts to foster these mainly imaginary sources 
of his being the crafts were prodhced. The application 
of craft to production commenced that development, 
certainly the most conspicuous in human history, the 
improvement m the methods of producing food and those 
other things tradition dictates are necessities of life 
Century after century of reahty has not yet succeeded in 
removing the illusion that magical routes to fullness of 
life exist The Mexican Americans cut their ears to 
produce blood for the vital nourishment of their gods, 
so that their protectors might remain potent to protect 
them Many persons to-day lacerate their bank-balances 
to vivify the gods of the Stock Exchange, hoping that 
the waxing of these gods will ensure some droppings of 
prosperity for themselves Nevertheless, speculation 
with wealth represents a great advance on speculation 
with red paint The modem man understands at least 
that wealth rather than magical ideas is connected with 
the fuller life In the vanity of his mind man has always 
tended to magnify the distinction of his spirit Conse- 
quently, improvements in civihzation have usually been 
accompanied by an apparent declme in the quality of the 
human spirit. The declimng nation often pretends to 
exceptional spirituality; while the rising nation, with 
closer knowledge of reahty has a humbler opinion of 
Itself and the nature of the sources of its improvement. 

361 
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To-day men worship the job, six thousand years ago they 
worshipped the king : the change shows the huge advance 
in human perception of reahty. The chief condition of 
fuller life is that every man should do his job and increase 
the wealth available for distribution. The quahty of 
human mmds is biological, depending on the brain and 
body An improvement in mentality is conditioned by 
biological improvement and is a slow and obscure 
process. Man does not yet know how to produce 
better men, so his present task is to learn how to make 
the most of human gifts as they are. The pnnciples of 
the manufacture of commodities are fairly simple and 
well known, and man’s immediate task is to develop 
production so greatly that there is a large margin to ease 
inefficiency in distnbution It is more important to 
produce a large surplus of wealth than to study how 
wealth could best be used. In the past men accustomed 
to slow progress in the techmque of production studied 
to discover the best methods of applying a limited wealth. 
They became involved in philosophical questions of 
rights and values many of which simply disappear when 
everybody’s income is doubled or multipled Produce 
the wealth before you discuss what you will do with it ' 
The system of distribution of wealth and the political 
system associated with it are crude. It is worth asserting 
that political systems are extremely empirical and that 
humanity has never had great difficulty in devising political 
inventions when the environment of wealth required them 

It IS easy to see the great changes that have occurred 
with the ages in production but advance in political 
theory is much less apparent and probably much less 
real and important. 

The advance of humanity has been due to improve- 
ments in production, and as soon as an invention has 
led to the production of increased wealth the politicians 
have made some improvement in pohtical techmque, 
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so that some poriion of the new benefit should be spread 
through the community. The statesmen have awaited 
the products of technicians’ creative work and adminis- 
tered them. So the dynamic of progress is furnished by 
peisons Ignorant of creative thinking. The difficulties 
of modern society are considerably due to this situation. 

As humanity for ages deceived itself about the efficacy 
of magic, It has been deceiving itself for centuries about 
the importance of statesmanship. It is commonly 
beheved that there is such a thing as the art of govern- 
ment, and that persons are best prepared to exercise it 
after having studied political theory If the thesis of 
this chapter is correct political history is a secondary 
product of improvements in the technique of production, 
and pohticians are not in the first line of creators of 
civilization This is the explanation of the spreading 
behef that somehow our rulers are ruled instead of 
ruling, and that politicians seem to dance as if managed 
nstead of managing The illusion that the art of govern- 
ment exists and can be learned from a study of political 
history has caused Europe to be governed for centuries 
almost entirely by persons ignorant of the nature of 
creativeness Those who could perhaps have miliated 
some new techmque of government before cucumstances 
had forced it often have their mmds pressed into a 
reactionary mould by a study of the pohtical super- 
ficialities of periods with productive techniques much 
inferior to the modern It appears that what is called 
“history” is only a part of complete history and not the 
most important one. When history is re-wntten and its 
dynamic of productive technique exposed, students of 
history will have the opportunity of meditation on the 
activities of creative mmds. They may carry a little of 
the spirit of creativeness into their future administrative 
work and assist society to bring forth necessary political 
inventions with less travail than at present 
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The failure of the traditional type of ruler trained m 
histoncal studies is demonstrated by the condition of 
modern society These men provided by techmcians 
with tremendous engmes of production have failed even 
to guarantee a decent minimum of food and clothing. 
Under their rule is a continual rumble of unemployment 
and social muddle, occasionally boiling up into wars. 
This inefficiency must be remedied, and is the immediate 
social task of the future 

Fortunately, the failure of traditional statesmanship 
IS more comic than tragic Smce political is secondary 
to productive technique the fate of the future rests on 
production It is easy to show that the worst political 
disasters are trivially destructive compared with the 
constructiveness of apphed science Since ad 1800 
perhaps 100,000,000 persons have been killed through 
wars, including the Napoleomc, Chinese and other 
Eastern wais, and 1914 In ad, 1800 the world 
population was perhaps 900,000,000 , to-day it is 
1,800,000,000 So development in production has 
called into life several thousand imllion souls durmg a 
penod when only a hundred million were sent out of it 
by desperate political failure. Naturally one is sorry for 
the hundred million, and their death seems unnecessary 
and grievous, but the new life created in the same period 
should not be forgotten. Man is justifiably optimistic of 
the future smce his technicians are creating more quickly 
than the pohticians are destroying through ineptitude 

He must request that the muddle of mal-distiibution 
be cured, and society orgamsed with a thoroughness 
not utterly unworthy of the quahty of applied science 
High organisation is possible, as the marvellous organ- 
isation of living bodies demonstrates. Man must now 
try to emulate nature and orgamse his society as efficiently 
as nature has organised the commumty of cells in his 
own body 
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a~particles the relatively heavy positively charged particles 
ejected from certain radioactive substances and proved to 
be nuclei of atoms of hehum 

Angular momentum . A measure of the exertion required 
to stop the rotation of a rotatmg body In a closed system 
of rotating bodies the amount of exertion from outside 
required to stop rotation is constant, though inside the 
system the members may be contmually exchangmg 
portions of angular momentum among themselves 
Antitoxin A substance produced m a body to react against 
certain poisons 

^-particles Electrons ejected from radioactive substances. 
Colloid A substance consistmg of particles from about 
2/i0,000ths to 2/10,000,000ths of an inch m diameter 
strewn through a more or less uniform medium. The 
particles are too small to behave hke grains of sand and 
not small enough to behave like molecules 
Dominant When one of the two (from father and mother) 
factors controllmg a hereditary character dommates the 
othei It IS said to be dommant 
Dye-base A fixed group of molecules from which a dye 
and Its vanations may be obtamed 
Enzyme One of a group of substances which promotes 
chemical reactions m the body. 

Extra-galactic Outside the local umverse of stars, beyond 
the Milky Way 

y-rays Emitted from the nuclei of atoms of radioactive 
substances, a wave-radiation 

Genes The factors which carry and control hereditary 
characters 

Heaviside Layer A region m the higher atmosphere around 
the Earth which reflects or bends radio- waves entering it 
Its existence was suggested by Oliver Heaviside 
Insulin An internal secietion which enables the tissues to 
assimilate sugar, lack of it causes diabetes. 

Lymph A colourless fluid circulatmg m the bodies of verte- 
brates. 

3^5 
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Molecules The minimum groups of atoms mto which sub- 
stances can be subdivided 

Mutation A sport or vanety which appears suddenly, due 
to a change m hereditary constitution 
Nucleus of Atom The central positively charged particle 
around which the electrons revolve 
Nucleus of Cell An essential part of a cell containing the 
chromosomes and necessary to growth and the mechanism 
of heredity. 

Placenta The organ through which food and oxygen diffuse 
from the mother to the embrj''o in the womb 
Proteins The fleshy parts of bodies (mainly carbon about 
50 per cent , hydrogen about 7 per cent , oxygen about 20 
per cent , nitrogen about 20 per cent , sulphur about 2 
per cent , and phosphorus about 1 per cent ) 

Protoplasm Livmg matter, a complex of protems, the 
“matenal basis of life”. 

Radiation • Energy which is mamfested in wavy behaviour. 
Light, X-rays, ultra-violet rays, cosmic rays, radio-waves, 
y-rays are examples. 

Recessive One of the two factors govemmg a hereditary 
character which is masked by the other (see Dominant) 
Reflex action An action determined by the nature of the 
nervous organisation of the body. 

Secretion Substances produced by glands , the passmg of 
them mto the blood and body 
Thyroid Gland The “Adam’s Apple” in the neck. It secretes 
thyroxin (CiaHii04Nl4), which affects growth. 

Ultra-violet rays Radiation of wave-length a httle less than 
that of light. Tend to kill bacteria, stimulate growth and 
are the active pnnciple in photography. 

Valency • The number of hooks or bonds which an atom 
possesses for hitchmg other atoms, a carbon atom has 
four 

Vestigial An organ which appears to have degenerated 
dunng evolution e g , the tail of the human, vestiges of 
which exist at the base of the spme. 

Vitamin A substance affectmg the efficiency of diet, the 
absence of which causes nckets, scurvy, etc 
X-rays See Radiation 
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Animal and plant, difference 
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Antares, 56, 59, 64 
Anthrax, HS 
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Arcturus, 57, 59 
Argelander, 48 
Aristotle, 316, 359 
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Aston, 124 f, 128, 131 f 
Astrology, 352 
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Atom, 97, 107, 110 
and Victorian respectability, 
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combination of, 145 f 
compounds of, 144 f 
disintegration of, 125 f 
experiments m analysis of, 
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explosion of, 110 f. 
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substance, 113 
odd weights of, 130 
of aluminium, 99, 117 
of argon, 136 
of bromine, 138 
of carbon, 133 
of chlorine, PO, 132, 139 
of helium, 135 f 
of hydrogen, 1 35 f 
, of krypton, 139 
of neon, 130 
of oxygen, 128 f 
of potassium, 136 
of radium, 111 
of Sliver, 99 
of sodium, 139 
I of uranium. Ill 

Rutherford’s conception of, 
106 

spaciousness of, 117 
structuie of, 122, 135 f 
Aurorae, 68 
Avicenna, 294 

Bactena, 1 70 ff 
appeal ance of, 170 
reproduction of, 171 
life of, 173 

Bactena, function of, 173 
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of, 175 

! desirable, 176, 178 
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Becquerel^ 110 

Behaviour of higher animals, 
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Behef and doubt, 341 
Benzene, 151 
Bessel, 52 

Beteigeuse, 56, 57, 59, 64 
Bile, 272 

Blackett, F M S , 126 
Biakeslee, 263 
Blood, 264 ff 
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red-blood corpuscles, 266 
as food distributor, 269 & 
as sewer, 274 ff 
chemical substances m, 293 
offenngs of, 348 
Bode, 29, 30 
Boh, Neils, 136 
Boredom, 325 f 
Boycott, 168 
Boyle, 130 

Brain, machinery of, 316 
and nerves, 285 f 
and senses, 297 f 
effect of damage to, 303 f 
localized functions in, 304 f 
of dog, 306, 319 f , 320 ff 
and sensation, 310 
structure of, 312 f 
ceils of, 313 

Brain, measurement of activity 
of, 319 

matter of, 328 
and the universe, 329 
Butyric acid, 149 
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Canopus, 59 
Carbon, 90, 110 
compounds, 147 ff , 153, 263 
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assimilation, 257 f 
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evolution of, 264 
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Centrosome, 212 f 
Cepheids, 37, 39, 64 f 
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Chamberlain, 15 
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mind of, 143 
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Clarke, 52 
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Colloids, in matter from living 
orgamsms, 163 
effect of increased gravity 
on, 163 

Colour blindness, 232 f 
Comets, 30 
Concentration, 326 
Conditioned reflexes, 321 ff. 
Constellations, 48 
Continents, origin of, 85 f , 89 
Co-ordmation of function, 293 
Corona, 67 
Cosmic rays, 247 
Cretimsm, 295 
Crew, 297 
Curie, 110 

Crystals, atoms of, 93 
Cyclonic storms, 78 
Cytochrome, 261 
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Darwin, 244 
Deimos, 80 

Desires, conflict of, 343 
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Digestion, 269 f 
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Dirac, 109, 144 
Disease, cause of, 165 
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Dogs, experiments with, 319 f 
inhibition in, 324 f 
senses of, 323 ' 
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A 4 DIGGING UP THE PAST by Sir Leonard Woolley (with 32 
half-tone plates) 

ASA SHORT HISTORY OF THE WORLD by H. G. Wells (with 

numerous maps) 

A 6 PRACTICAL ECONOMICS by G. D H. Cole (first publica- 
tion) 

A 7 ESSAYS IN POPULAR SCIENCE by Julian Huxley (illustrated) 

A 8 THE FLOATING REPUBLIC by Dobree and Manwarmg 
(The mutinies at the Nore and Spitbead w 1797) 

A 9 A HISTORY OF THE ENGLISH PEOPLE (1) by Elie Halevy 




COMPLETE LIST OF PENGUIN BOOKS 


PELICAN! BOOKS (continued) 

A 10 THE MYSTERIOUS UNIVERSE by Sir James Jeans (with 
2 half-tone plates) 

All THE GREAT VICTORIANS (I) edited by H J and Hugh 
Massingham 

A 12 THE INEQUALITY OF MAN by J B. $ Haldane 

A 13 LIBERTY IN THE MODERN STATE by Harold J. Laski 
(with new introduction) 

A 14 SOCIAL LIFE IN THE INSECT WORLD by J. H Fabre (with 
15 half-tone plates) 

A 15 THE GROWTH OF CIVILISATION by W J Perry (w/tfe 
several mops) 

A 16 A HISTORY OF THE ENGLISH PEOPLE (ll) by Elie Halevy 

A 17 A BOOK OF ENGLISH POETRY collected by G. B. Harnson 
(a nev/ anthology) 

A 18 AFTER THE DELUGE by Leonard Woolf 

A 19 MEDIEVAL PEOPLE by Eileen Power (with 8 half-tone plates) 

A 20 VISION AND DESIGN by Roger Fry 

A2t-2 AN OUTLINE OF THE UNIVERSE by J G. Crowther 
(m two volumes, with numerous illustrations) 

A 23 RELIGION AND THE RISE OF CAPITALISM by R H 
Tawney 

A 24 THE PSYCHOPATHOLOGY OF EVERYDAY LIFE by 
Sigmund Freud 

A 25-6 ONLY YESTERDAY by F L Allen (2 volumes, illustrated) 

A 27 UR OF THE CHALDEES by Sir Leonard Woolley (with 16 
half-tone illustrations) 

A 28 CIVILISATION by Clive Bell 

A 29 LIMITATIONS OF SCIENCE by J W N Sullivan 

A 30 A HISTORY OF THE ENGLISH PEOPLE (111) by Elie HaI6vy 
More volumes to follow 


New volumes af*e continually being added to Penguin and 
Pelican Books* Please ask your bookseller for the latest 
list, as further volumes may have been issued since this 
book was printed. Suggestions of books for inclusion in 
the series are always welcome. 



Am-ilitions Men 

Iffiefnationai QnSrespondence Schools^ b3^ far the 
large^T'TOar'inost sucxessfai institution m the world devoted 
to spare-time tuition, can give you a thoroughly sound, practical 
salary-raising training m the work m which you are employed 
If your present occupation is uncongenial, we can prepare 
you to make a promising start in a more suitable field 

If you wish to pass some Professional, Technical, Civil 
Service, or Matriculation Examination, we can coach you m a 
way that almost guarantees success 

If you wish to develop a side Ime ” or a hobby, it is probable 
that we can be of great help to you 

All our Courses are specially arranged to the require- 
ments of the man who is able to study m his spare time only 
and include the services of fully quahfied mstructors who are 
entirely famihar with the practice as well as the theory of the 
subjects they teach. 


WRITE TO-DAY FOR FREE BOOKLET 
and advice on any one or more of the following subjects 


Accountancy 
Advertising 
Aeronautical Eng. 
Agriculture 
Air Conditioning 
Architecture 
Book-keeping 
Bmidmg 
Chemical Eng 
Commercial Art 
Commercial Tram- 
ing 

Civil Engineering 


Dairy Farming 
Diesel Engineering 
Draughtsmanship 
Electrical Eng. 
General Education 
Hofticult ure 
Insurance 
Journalism 
Marine Eng. 
Mechamcal Eng 
Mining 

Motor Engineering 
Plumbing 


Radio 

Salesmanship 
Sanitary Eng. 
Scientific Manage- 
ment 

Secretarial Woik 
Short-Story Writing 
Surveying 
Television 
Textile Manuf ’g 
Works Management 
Window Dressing 
Wood working 
please state it. 


If you have an Examination m view- 



Although highest in quality^ I C,S 
Courses cost no more than those of 
other reputable schools teaching by post* 

INTERNATIONAL 

CORRESPONDENCE SCHOOLS LTD. 
Dept. 119, International Buildings 
Kingsway, London, W C a 



